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CHRONIC HEREDITARY DISEASES AND
DEVELOPMENT ANOMALIES



Foreword

The uniqueness of man must be kept con-
stantly in mind when investigating correla-
tions and causes of hereditary diseases and
congenital malformations. Every year more
complex factors are related to human muta-
tion rates and methods of detecting genetic
carriers in man. Genetists are inclined to-
ward a reduction in estimates of mutation
rates in some disorders; for example, in the
chondrodystrophies, recently computed as
1 in 100,000, and the cerebral palsies, as 1
in 1,000, of the present population. On the
other hand, the mutation rate for fibrosis of
the pancreas is computed as 1 in 300, a very
high rate.

Most hereditary investigations are directed
toward the more easily observed disorders
affecting the integumentary and the endo-
skeletal systems. Accordingly, orthopaedics
has profited as much as any other medical
area from such research. The list of musculo-
skeletal disorders reported in the genetic
literature is increasingly large. Hypotheses
relate these disorders to basic metabolic
disturbances of many varieties,

Morphogenetic studies of the rabbit re-
ported recently by Crary and Sawin (1955),
of the Roscoe B. Jackson Memorial Labo-
ratory, Bar Harbor, indicate a racial differ-
ence in regional growth at the onset of ver-
tebral ossification. These localized areas of
greater or of lesser growth supply clues to
the ongin of adult skeletal and vascular var-
iations. In hybrids between these races of
rabbits, as observed in the newborn and in
adults, such areas of growth differentiation

blend or interact, and in subsequent genera-
tions there is evidence of genetic segregation.
The findings of Sawin and colleagues sug-
gest that body vaniations of bone and blood
vessels may occur with greater frequency in

some races (related groups of individuals in
a breeding population), as do also definite
patterns of retarded or accelerated regional
growth of vertebral structures. These may
appear as additional or supernumerary ribs,
articulations, vertebrae or sternebrae and, by
deduction, of abnormal muscle patterns and
nerves, When growth is altered asymmetri-
cally, they may appear as hemivertebrae,
wedged vertebrae or divided vertebrae,
Growth is considered to be retarded in the
embryo rabbit when ossification is initiated.
Furthermore, any growth retardation or ac-
celeration within the developmental pattern,
activated by genetic or environmental agents,
will be greatest in thosc regions or areas of
growth most active at the time of applica-
tion. Of course this applies only to prenatal,
not to postnatal, growth, Many varieties of
body form, structural differences and anom-
alies may follow.

Specifically, such hereditary studies may
be of great significance in determining some
of the basic correlations of scoliosis. If there
are races of rabbits that show a variety of
scoliotic patterns, probably of a genetic char-
acter, they may open approaches that will
throw light on these disorders in man. In-
stead of consuming energy in pursuing use-
less and untimely cugenic pathways, greater
profit should come from basic research along
lines of present-day nutritional, environ-
mental and morphologic investigations. With
a marked drop in infant mortality during
recent years, accompanied by a child popula-
tron under 16 years of age that has mcreased
to 54 millions, the extent of our problem is
apparent. We must explore every approach
with the aid of fellow scientists in other

disciplines.
CharLes W. GOFF
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Louis Bauer, Orthopaedist Extraordinary

Cuarues W. Gorr, M.D.*

In 1869 St. Lovis was a wild town, Texas
punchers roated in with their droves of cat-
tle, and river boatmen crowded the narsrow
streets. ‘There were opportunitics on every
hand. It was reconstruction time. The Civil
War was over. Louis Bauer arrived in St.
Louis,

Trained by German masters, he was 2
natural choice for the new chair of surgery
at the St. Louis College of Physicians and
Surgeons, which he had been invited to fll.
The town was peopled by strong~\villcd.
dynamic German immigrants who under~
stood Bauer's driving mind. Like Bauer,
many of them were dissenters who had been
imprisoned for treason in Pomerania in
1848. But et us flip back the calendar!

In Stettin, provincial capital of Pomerania,
Louis Bauer was born in July, 1814, of good
German burgher parents, Their economic
status enabled them to give him an excelient
education. In 1833 he became a student of
d ding fully the Uni-
versities of Griefswald, Breslau and Berlin
and in 1838 passing the state examination
as a “physician, surgeon, obstetrician” and
in forensic medicine. Almost i diately he

passed from Denmark to Pomerania and in
1815 was conquered by Prussia. Today the
Soviet Union has swallowed it whole, Louis
Bauer was appointed medical officer of
Kreiss County by the Prussian Crown. Tur-
bulent palitics engaged his attention as a
natural outlet for his vigorous personality.
Cestain things seem to have occutred so that,
as later he was wont to explain, he was
transferred at Bis own request to Stolpe, in
Poserania, where events finally caught up
with him.

As o democrat, Baver became an active
party leader in the revolutionary movement
and was elected to the lower branch of the
Prussian Legislature. He continued to prac-
tice, but his opposition to the Crown caused
his arrest and imprisonment in 1848 for
treason. The revolution persisted, but after
10 weeks Bauer was released; some believe
so that the police might shadow him and thus
lead them to bigger fish. At any rate, he
was about to be rearrested shortly after~
ward, when word was passed 1o him of his
danger, and he departed by the underground
for England in 1849, Scon he established

bzcame active in politics,

Private practice attracted him 1o the is-
fand of Rugen in the Baltic Sea. Connected
by a dam with Stralsund on the mainland,
this strategic island of 358 square mules and
a goodly population had been fought over
for nearly a thousand years, In 1325 it

* Associate Climeal Professor of Orthopaedics

and Lecturer in Anatomy, Yate Usniversity, Schoot
of Medicine.

himself, passed the examination of the Royal
College of Surgeons and in 1852 became a
member of the London Medical Society.
Restlessness still dogged him.

Good health and a rousing intelectual
curiosity, ingredients of leadership, had sur-
vived his brush with the Prussian police,
But, somehow, in the transition a frustrating
element entered his personality. Perhaps the
English iently impressed with

glish were not
3
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Louis Bauer

the young revolutionary’s talents. In any
event, in 1852 he published a critical re-
port on the technic used by English physi-
cians. This may have raised the ire of his
newly found collcagues because the next
year, 1853, we find him living in Brooklyn,
New York. Friends had preceded him to
the United States, and perhaps they had en-
couraged hum to cast his lot with them. Ap-
parently the suff, unfamliar atmosphere of
English medicine was not to his liking.
Brooklyn seemed to be made to order.
Movwing from place to place, maturing as
he went, always tinged with a sense of su-
perionty, yet dominated on occasion by
frustrations, hus restless nature finally found
peace, His days of medical truancy seemed
at an end, To an extraordinary degree not
generally appreciated, Bauer proceeded to
become one of the great orthopaedic pio-

neers of the New World. He bad had enough
of revolutions.

Louis Bauer was one of the founders of
Long Island College Hospital, to which he
soon was appointed a Professor of Anatomy
and Surgery. In 1854, together with Richard
Barthelmess, he organized the first private
institution devoted to the treatment of ottho-
paedic disorders in the United States. We
know of his penetrating analysis of heredt-
tary diseases and anomalies and of his me-
ticulous interest in their treatment through
the Outline of the Principles and Practice
Adopted in the Orthopaedic Institution in
Brooklyn. He and Barthelmess issued this
small monograph, dedicating it “To the Med-
ical Profession of the U. S.” and calling upon
physicians to patronize their new institution.

These intrepid organizers and first-class
orthopaedists describe their qualifications
and methods, asserting that their “care'cf
the crippled is based on a strictly scientific
plan, embracing all those auxiliary means
which the advancement of modem surgery
affords.” They assure their colleagues lh:‘!t
“all mystery 1s repudrated and everyone I8
invited to call and inspect the institute.
Students were solicited on Tuesdays and
Fridays from 3 to 6 P.M. for free lectures.
Actually, Baver compliments the I?ngllSh
teaching system by imitating it in his own
institution. .

He ably described many deformties i}nd
“traced their causes to material alt'eratgoﬂ
within the great nervous centres, mflﬂ{fthll"B
themselves cither as increased of dlm.xmshed
enervation, The former by contractions of
vigor, the latter by paralysis.” Bal{er recodm‘
mended myotomies or tenotomies under
chloroform.” As an exponent of rest, he em;
phasized “proper positioning of hmbsb nt
rest so, 1f anchylosis should ensue, thz:b :Sﬂ
functional position would become usab x;
He advocated incision and drainage f’f Join! d
closed reduction of congenitally §‘5!°C“3’Z'
hips and special exercises for SC“]“’S"S“ nar
to be given by every dancing “‘[“?n their
quack” but by one especia])y skaftful o
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ways. His descriptions and basie ideas con-
cerning scoliosis, omitting <pinal {usion, are
as true today as they were then. For ex-
ample, he advocated “counter pressure upon
the most projecting parts of the spine as a
new mode of extension,” ridiculing Taylor,
his New York contemporary, for his brac-
ing. This is echoed in our tumnbuckle and
segmental jachets and focalizer plasters of
modern orthopacdics,

Furthermore, Baver reports the fiest sta-
tistical study of idiopathic scoliosis, a name
he also uses. He found “99 feft and 647
right lateral dorsal rotary types.” The
“young, feeble, anacmic femules ot the pu-
berty period, whose blood was not in a good
state”™ were miore susceptible, The basic dis-
turbance was said to be located within the
intervertebral fibrocartilage, and myotonsics
were fruitless as  corrective  procedures.
Chiefly “rest in the horizontal position for
long periods™ plus his counterpressure and
a spinal support were his approved methods.
His institute was approved by the prominent
New York physicians Sayre, of Dellevue
Hospital, and Parker, of Physicians and Sur-
geons College.

Not to overreport this sarly enterprise,
but because af its origmality one more item
seems to be important for our understanding
of hus environment and times. He is very
careful to state that “the stitution is lo-
cated in a fashionable and most healthy part
of Brooklyn; as a matier of fact the sexes
are separated, young ladics under the care
of Mrs. Barthetmiess,”

In the same year, 1854, he reports on a
critical examunation of a pathologic speeimen
of softening of the intervertebral fibrocarti-
lage m a case of Dr. Sayre. He indicates a
possible protrusson as a basic disorder. Soon
Bauer was made Health Officer of the City
of Brooklyn and served 2 years. Never again
dd hie evince an interest in potitics; wstead,
ke published many penctrating medical ar-
incles, mcluding a textbook of orthopaedic
Surgery in German, 1870

16 years of practice and teaching in the

mezropolitan arca brought him considerable
renown, and he was a frequent guest Jec-
turer, Some of his ideas are incorporated
in 7 monograph of lectures given at MeGill
University Medical College, Montreal, in
1868. He complains about “those who have
stofen Afs ideas and not given any credit to
hinar” Such paranoia scems to be part and
parcel of many scientific leaders of his day,
and even of our times,

Ideas arc like perennial plants: living for
a short while, they seem to dic, then to re-
vive, Bauer's concepts of causes and treat-
ments were revolutionary in his day, but
now they have been rediscovercd and are
regarded as “new” and revealing. Actually,
only correlations are involved, most of which
wax and wanc as other scientific weapons
are brought to bear on orthopacedic disorders.
He knew nothing of the yet unborn science
of genctics in relation to hereditary dis~
orders, yet he correlated trauma with osteo-
chondroses of youth and described them as
familiat in some instances, He reasoned that
the ligamentum teres with its vessels might
be crushed in the hip joint and a coxal
synovitis ensue, For resting the hip joint
he designed a shell of leather for the body
and the extremitics, with feet connected and
held in 2 neutral position.

For all that, his results still are reported
by him with a touch of mystery. He indi-
cates a case of paralysis that was treated
unfavorably by the great Duchenne, then
handled successfully by himself “through the
proper use of the electric current,” a mo-
dality resorted to frequently in his practice.

Bauer’s really big moment came when, in
1869, the German burghers of St. Louis
called hum to their frontier metropolis. He
was appomted professor of surgery at the
St. Louis College of Physicians and Sur-
geons, consulting surgeon to the City Hos-
pital, and later became the dean. Finally
he came into his own among the people
whom he loved and who understood him.
Formerly he bore his lot fretfully, as his
writings indicate. St. Louis was a haven for
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him. His capacities for leadership were given
full play while he served the university and
the community with honor. There are no
more bursts of paranoia; instead, a regular
stream of valuable material flowed from his
pen, beginning with Contrib 10 Med:i~
cine and Surgery, published in 1870. The
war was over, for both the people and Bauer
the orthopaedist. His real worth was under~
stood by his St. Louisians.
Sir Arthur Keith in his classic Menders
of the Maimed, published in 1919, quotes
no less a critic than the immortal Thomas,
of Liverpool, who says of Louis Bauer, “In
my early life, I was in my practice a close
imitator and an ardent admirer of my friend,
Dr. Louis Bauer, the best exponent of Amer~
ican orthopedics.” Keith proceeds to give
his own appraisal of him, “Everything we
can now learn of this American pionesr
justifies the acumen of Thomas’s earlier
judgment.” Sir Arthur rated this high opinion
on Bauer’s concepts of the mechanism of the
living, human body. It would seem that
Bauer had spent much time studying Mar~
shall Hall, Delpech and Duchenne relative
to the action of muscles, nerves and reflex
centers. To this Bauer added his own per-~
sonal observations and applied them with
success to the treatment of deformities that
are produced by irregular, in-co-ordnated,
muscular action. He was particularly critical
of most methods of applied traction to the
lower extremuties. He insisted that traction
never was able to separate surfaces of the
inflamed jomt. However, it must be said that
he did overlook, as Keith so fittingly states,
“the peculiar virtue of the method of trac-
tion applied by Davis in [860.” It would
seem that Davis, in New York, and Thomas,
n Laverpool, independently had come upon
the same idea relative to splinting the knee.
This was the forerunner and led eventually
to the classic Thomas splnt, which immo-
bilized so well, and stl] does today, the entire
lower extremity Bauer insisted that the
splint, which supposedly was immobilizing
the extremity, should not be fastened to the

foot of the bed. Attaching a movable patient
to an immovable bed seemed to lum to be
a foolish principle.

Bauer also insisted upon rest in the begin-
ning and throughout the entire span of time
required in the treatment of tuberculosis of
the vertebrae. Fresh air, sunshine and move-
ment were regarded by him with disgust.
Any kind of mechanical apparatus, in par-
ticular “the spinal assistant” of Charles Fay-
ette Taylor, was regarded by him as “make
believe,” because it did not relieve the spinal
column of its weight-bearing function. He
held to the belief that jt was impossible to
immobilize the spine except when resting
flat on the bed.

During his 12 years of occupancy of the
chair in surgery, Bauer seems to have been
very happy. His published observations and
principles were read widely by orthopaedists.
He retired with an honorable reputation,
working in a senior consulting capacity until
1898. Today a place in our specialty’s Hall
of Fame is ensured.
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Re-evaluation of Etiologic Factors
in Congenital Anomalies of the Skeleton

THEODORE H., VINKE, M.D.*

In recent years many methods have been
described that permit experimental produc-
tion of congenital skeletal anomalies. Ex-
periments concerned with dietary procedures
have been performed for many years and
pursued most actively. Prenatal exposure of
the mother to large doses of roentgen rays
or to toxic dyes, such as trypan blue, also
lead to skeletal anomalies. In addition, in-
jection of hormones, such as insulin or cor-
tisone, into the pregnant female can result
in certain skeletal anomalies. However, most
investigators in this field are of the opinion
that human mothers are exposed only rarely
during pregnancy to conditions comparable
with those of these experiments. It must be
kept in mind that genetic factors enter into
the formation of congenital defects in man
and in animal.

Warkany and Nelson* have shown that
in rats under strict experimental conditions,
diets deficient in riboflavin cause congenital
deformities with an established pattern. Un-
der the best conditions, about one third of
the young born to deficient mothers are
found to be normal. Many of the abnormal
young can be recognized as such by external
inspection. They show shortening of the
mandible and the extremities, protrusion of
the tongue and various degrees of syndac-
tylism. Other abnormalities are recognized
after the specimens are cleared. There may

*Cincinnati, Chio.
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be shortening of the radius, the ulna, the
tibia and the fibula and fused ribs. Inspec-
tion of the mouth reveals a posterior cleft
palate in about one half of the abnormal
young.

In recent studics Warkany and Deuschle®
analyzed the dentofacial changes induced in
these rats and found definite dependence of
dental differentiation from the skeletal de-
velopment. It is interesting to note that some
bones are affected more than others. The
cranium, the vertebral column, the scapula
and the pelvic bones are involved hardly at
all. Histologic sections! show that an ir-
regular retarded ossification, with malfor-
mations, is present in the specimens. In
mildly abnormal tibias the metaphyseal lines
of ossification take an irregular and some-
what wavy course. Large cartilaginous areas
remain enclosed within the diaphysis. Sec-
tions of the paws also show irregular and
retarded ossifications. Many abnormal bones
are noted: some are shortened, and others
are Jacking. Some bones appear to be fused.
Others are wider than normal, and some of
the interosseous spaces and articulations are
not developed. If the diet is supplemented in
rats before the 13th day of gestation, it
prevents all skeletal malformations. Accord-
ing to Warkany, these findings suggest
that riboflavin is needed for the develop-
ment of the skeleton before the 13th and
the 14th days of embryogenesis. After the
13th and the 14th days of gestation this
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deficiency does not interfere seriously with
the general growth and the increased weight
of the rat. Such dietary experiments are dif-
ficult, and the yield of abnormal young may
be very small, unless special breeding tech-
nics are used. Warkany has pointed out that
many forms of reproductive failure may be
caused by maternal vitamin deficiencies.
Sterility, fetal death, resorption or abortion,
neonatal weakness or death of the offspring
probably is the most frequent result of
practical importance in animal, as well as in
human, reproduction.
“Malformations” were omitted from the
list, since they can occur at any stage of
development and play a part in many forms
of reproductive failure. Under adverse con-
ditions few deformed fetuses reach the natal
period, and, therefore, “congenital” malfor-
mations are relatively rare manifestations of
maternal dietary deficiency. They occur in
exceptional cases as a result of borderline
deficiencies, which injure the developing
embryo but permit continuation of preg-
nancy. As a rule, mitigation of a borderline
deficiency leads to the birth of normal young,
but further deprivation leads to embryonic
death, Therefore, it is difficult to obtain con-
genital malformations of dietary origin, even
under experimental conditions. This should
be kept in mind before hasty conclusions are
drawn as to the ongin of human malforma-
tions. It 1s interesting that vitamin B de-
ficiencies, other than of riboflavin, have been
investigated, and some are found to be capa-
ble of producing malformations. Hogan® and
co-workers found hydrocephalus 1n rats at-
tributable to viramin By, deficiency. Nelson,
Asling and Evans'* produced a folic acid
deficiency n pregnant rats by a combination
of a deficient diet and a folic acid antag-
onist. The malformations produced with
these deficiencies of the B group resemble
in many respects those produced by ribo-
flavin, which also 1s a member of the B
group of vitanuns
It s of mterest n this connection that
vitanun A dsficiency of the pregnant rat

results in malformations entirely different
from those of the B deficiencies.

Warkany'® has shown that it is possible
to produce congenital malformations in rats
by maternal vitamin A deficiency: the eye
is the organ affected most frequently in the
syndrome. Malformations of the genital tract
follow next in frequency. If depleted mothers
receive a single large dose of vitammn A on
different days, some on the 10th, others on
the 11th, the 12th, the 13th, the 14th and
the 15th days of gestation, it is found that
the percentage of abnormal young becomes
smaller the earlier the supplement is given,
and that the syndrome of malformation can
be modified.

Mellanby'® concludes that the genera)
function of vitammin A aids in controlling
the shapz of growing bone by influencing the
position and the activity of osteoclasts and
osteoblasts. He has found that vitamin de-
ficiency causes a general thickening and
dysplasia of bone by its effect on osteoclasts
and osteoblasts. All the bones of the body
are involved to a varying degree. Mellanby
also has shown repeatedly that vitamin A
deficiency in growing animals causes wide-
spread nerve degeneration, both central and
peripheral. However, these experiments refer
to changes elicited in animals after birth,
and not to congenital defects.

It may be said here again that it is un-
likely that human congemtal malformations
can be attributed to maternal dictary de-
ficiencies. In populations whose food supply
is restricted by war, custom or imprison-
ment, conditions can arise that are somewhat
comparable with these experiments, Thus,
endemic cretinism is caused by maternal
jodine deficiency, but stifl it has not been
proved whether or not other congenital
anomalies are induced in the human being
under certain comparable abnormal condi-
tions,

Congenital bowing of the bones of the fore-
arms and the legs is seen in rats when their
mothers arc fed a diet deficient in vitamin
D and there i5 an abnormally high calcium
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phosphiorus ratio, These deformities can be
prevented by the nddition of vitamin ) 1o the
maternal dict,

In addition to dictary deficiencics, positive
teratogenic factors have beea cmployed to
induce congenital malformations.

Exposure of the mother to Targe doses of
roentgen rays has resulted in ce i mal-
formations. Wilson and Karr'? demonstrated
that rat embryos, which were irradiated, al-
tered greatly the rate of intra-uterine mor-
tafity, as well as the incidence of malforma-
tions in the brain and the skull, Warkany
and Schraffenberger!s were able to establish
vety definite patterns of skeletal deformities
in newbora rats as being characteristic of
irradution on specific days of gestation, 1t
is of interest that by irradiation of pregnant
rats on about the 13th or the 14th day of
pregnancy, skeletal malformations simifar
to those of riboflavin deficiencies are in-
duced. Included in these malformations are
shortness of the lower jaw, protrusion of
the tongue, cleft palate, shortness of the ex-
tremities, clubfeet and syndactylism. How-
ever, the roentgen syndrome is more varied
than that produced by the riboflavin de-
ficiencies.

Halsey J. Baggs! exposed mice to roent-
gen rays and found that there was a trans-

location of chromosome particles carrying
genes; that an intertranslocated gene, with its
neighbors, produced the anomaly of club-
feet, and, by inbreeding, carried this anomaly
through hundreds of mice. According to the
work of Baggs, the eatliest foot defect is as-
soctated with the formation of a bhsterlike
bleb that rases the epithelium of the foot,
usually 10 the localized area. This condition
usually is found between the 12th and the
15th days of prenatal kfe and is followed by
the escape of blood mto the bleb and the
formaton of a jocalized blood clot. These
blood clots may persist until birth, Baggs
states that the extent of the pathologic proc-
esses and the anatomuc location determine
whether or not the developing foot will show
congenstal amputations, clubbing, ete,

There appears to be sonte agreement as {0
the perind of time that may be considered
1o be critical, in which the prenatal tissue is
affected easily, This period is not the same
for all agents for all organs. It is also im-
portant to note that one cannot ascertain
from a malformation the time at which the
injurious agent acts, It is possible to state
that a malformation may have occurred be-
fore a certain time, but how much before
this critical pasiod the injurious agent acted
it is difficult to establish.

Chemicals, such as alcohel, benzine, nico-
tine, quinine, fead, mercury and fodine have
been suspected to be injurious agents, but
experimental studies have been rather con-
tradictory.

Hormonal disturbances of the mother
must be considercd a potential danger to
the fetus. Fraser and co-workerst showed
that injection of cortisone into pregnant mice
of a certain strain induced cleft palate in
the young,

There also is an increase in comgenital
anomalies in infants born of diabetic moth-
ers. The inadequately treated mothers gave
birth 1o chifdren with a high mortality rate.

Much work has been done on the develop-
ment of the chick under insulin treatment.
Landauer® has analyzed in many careful
studies the effect of this hormone on the
chemical processes of prenatal development.
Duraiswani’s® experiments probably are bet-
ter known to orthopaedists. In his experi-
ments some of the “chicks™ present roent-
genologic  appearances resembling  osteo~
genesis imperfecta, achondroplasia and os-
teochondrodystrophy.  Other  abnormalities
found are spina bifida, pactial or complete
suppression of development of one or more
vertebrae, scoliosis, clubfeet, arthrogryposis,
bowing of the tibia and dislocation of hips
and knees. A variety of abnormalities has
been produced by wsing Synthalin, thalium
salts, sulfonamides and cortisone. Insulin-
produced deformities can be prevented with
nicotinamide and riboflavin.

Deformities and embryonic malformations
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have been produced by submitting pregnant
rats to anoxia inside a bell jar and also by
injecting eggs with tetanus toxin. Of course,
we recognize that the experiments with
chichen eggs may not be entirely compa-
rable with those in mammals, but certainly
they are significant,

These experiments show clearly that en-
vironmental factors, acting during preg-
nancy, can induce congenital malformations.
There is no evidence that any of these mal-
formations are hereditary. They must be
distinguished clearly from malformations
that are determined genetically and heredi-
tary, according to mendelian transmission.
Such hereditary anomalies originate by spon-
taneous mutation or they can be induced by
roentgen-ray effects on the germ cells.

Differentiation must be made as to those
deformities of genetic origin and those pro-
duced experimentally as nonhereditary. For
instance, cleft palate and syndactylism may
be of genetic origin. Similar deformities can
be produced experimentally by certain vita-
min-deficient diets. Thus, genetic and en-
vironmental factors may lead to the same
kind of congenital malformations. Identical
malformations may be hereditary in one case
and nonhereditary in another. In man, cer-
tain malformations are inherited as a dom-
inant trait, such as complete absence of all
extremities or absence of one extremity. Ab-
sence of the humerus and the ulna is rare.
Absence of the radius occurs much more
often and 15 associated with club hand. Ab-
sence of the fibula is encountered more fre-
quently than that of the femur or the tibia.
Of course, clubfoot is one of the most fre-
quent deformities of the foot. Supernumerary
fingers or toes may be found in a single
member of a sibship, and there are pedigrees
tn wluch polydactyha is inherited as a dom-
wnant trait and often 1s associated with other
malformations  Cleidocramal dysostosis is a
congenttal syndreme, at is characterized by
the absence of tnr clavicle and a delayed
osstfication of the shull, and 1s transmitted

as a domunant character, A congenital

webbed neck also is combined with edema
of hands and feet. Chondrodystrophy is
caused by disorder of the cartilage, which
begins in prenatal life. Advanced maternal
age has been considered as a possible etio-
logic factor in this malformation, in which
males and females are affected equally. The
basic pathologic process is disturbance of the
enchondral ossification, caused by inability
of the epiphyseal plate to produce a suffi-
cient number of columnar cartilage cells.
Multiple exostoses are hereditary in the ma-
jority of instances. Fibrodysplasia of the
bone may affect one or more bones of the
skeleton,

In arthrogryposis there is a contracture
of joints in flexion. The term has been used
in a functional sense of a carpopedal spasm
and also for congenital abnormalities of the
constituents of the joint. In arthrogryposis,
dislocations of the hip and other joints occur
frequently. This syndrome originates early
in embryonic life, before intra-uterine pres-
sure becomes an important factor.

Murk Jansen? thought that the problems of
malformation were explained on a mechan-
ical basis. He looked for mechanical mal-
formations due to pressures that acted on
the fetus, such as various sizes of the am-
nion and differences in hydrostatic pressure
in the uterus,

Children may be deformed by a prenatal
infectious disease of the mother. In congen-
ital defects following maternal rubella,
Gregg® showed that many cases of congenital
cataracts, associated with cardiac or other
lesions, occurred in those giving a history
of maternal rubelia during pregnancy. Con-
genital deformities associated with these con-
ditions were cataracts, cardiac deformities,
deafness, mental retardation, clubfeet and
dental problems. Although it was thought at
first that 100 per cent of the mothers who
contracted rubella during the first trimester
of pregnancy gave birth to infants with con-
genital anomalies, it now is thought that this
incidence may be much smaller.

According to an article by Kay, Rossner
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and Stein,* a scrics of 154 cases of virus
discasc in carly pregnancy other than ru-
bella show that 21 fetal anomalies occurred.
These findings raise the question as to
whether or not such malformations may be
preventable. However, as yet there is not
suflicient information available on which to
base a program designed to prevent all con-
genital anomalies in man. Further studics
of causes of immaturity, stillbirth and con-
genital anomalics of various types are re-
quired. As in the case in other discases, pre-
natal conditions may be observed through
case study and experimentation. However,
human beings cannot be subjected to th

observations of the patieat, his environment
and his pedigree.
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in Congenite Anomalias del Skeleto

Stummario in Interlingua

Es discutite le production experimental
de congenite anomalias per medio de varie
technicas, i.a. le uso de colorantes toxic, de
hormones, e de dietas a deficientias vita-
minic, Attention special es prestate al la-
bores de Warkany con dietas a deficientia
del materne vitamina A e de riboflavina. Es
presentate le methodo de exponer animales
pregnante a radios X e etiam le labores de
Duraiswani in le disveloppamento de galli-
nettas sub tractamento a insulina. Es formu-
late le conclusion que factores genetic e
ambiental pote effectuar le mesme typo de
deformitates congenite. Un mesme malfor-
mation pote esser hereditari in un caso e
non-hereditari in un altere. In uitra de defi-
cientias dietari del matre, etiam infectiones
prenatal pote causar deformitates Un ex-
cmplo es rubella materne que causa cata-

ractas, deformitates cardiac, retardation
mental, etc. In animales experimental nos
observa certe configurationes de anomalias
occurrente post certe typos de tractamento.
Per consequente nos pote expectar que le
anomalias congenite in humanos se presenta
in simile configurationes, Forsan nos pote
recognoscer certe syndromes super le base
de minor anormalitates associate. In iste
campo le clinico pote apprender multo ab
experimentos animal. Nonobstante, nos non
debe concluder precipitatemente que le com-
plexe e difficile experimentos que resulta in
malformationes in animales imita le con-
ditiones prenatal in humanos. Le causa de
malformation in infantes human debe esser
investigate per le observation clinic del pa-
tiente e per le studio de su milteu ¢ su arbore
genealogic.
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Environmental Causes of Abnormal
Embryonic Development

PETER GRUENWALD, M.D.*

The treatment of congenital malformations
is an unsatisfactory undertaking and scldom
results in restoring normal function and ap-
pearance. Therefore, it is particularly de-
sirable to prevent the development of mal-
formations. In order to do this, we must
know the causes of abnormal development,
and particularly those originating in the en-
vironment, which may be affected by pre-
ventive measures. These environmental
causes (as opposed to genetic ones) include
mechanical force, chemical alterations (ex-
cess or deficiency of substances), radiation,
abnormal temperature, infection and, in man
and mammals, influences of an altered ma-
ternal environment. The effect of each of
these factors has been demonstrated excel-
lently in experiments. Some environmental
agents affect more easily or exclusively em-
bryos of lower animals developing outside
the maternal organism; these are only of
basic interest in connection with human
malformations.

MECHANICAL AGENTS

Mechanical agents affect embryos unpro-
tected by the maternal organism, It is known
that the shaking or the jarring of eggs pro-
duces malformations in the trout and in the
chick; this hazard is taken into account in
commercial hatching procedures. In mam-
mals, surgical procedures have been per-

*Director of Laboratorres, Margaret Hague Ma-
ternity Hospital, Jersey City, New Jersey.

formed on embryos in utero. The greatest
difliculty in such experiments lies in the tend-
ency toward abortion whenever uterus and
cmbryos have been tampered with, This same
factor accounts for the extreme rarity of
well-authenticated human cases in which me-
chanical injury (such as an accident or an
attempted abortion) has been followed by
further development and malformations.
Some writers have considered the so-called
intra-uterine amputation of portions of limbs
and similar defects to be due to mechanical
injury by amniotic bands. However, it is
likely that there is an underlying disease con-
dition of the skin and even of deep tissues.™

CHEMICAL ALTERATIONS

Chemical effects on development may be
due to the introduction of substances foreign
to the organism (poisons) or to abnormal
concentration, high or low, of normal con-
stituents (e.g., hormones, vitamins). It is
easy, particularly in lower animals, to pro-
duce a great variety of malformations by
introducing chemicals into the medium in
which the embryos develop.? Of some inter-
est are the effects of several substances on
the skeleton and the limbs of chick embryos.
Achondroplasia, of which 6 hereditary forms
are known in the chick, also can be pro-
duced by deficiency of manganese, ribo-
flavin, lactic or nicotinic acid. Less char-
acteristic forms of micromelia result from
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selenium poisoning or localized treatment
with colchicine. Defects of the distal portions
of the vertebral column, which occur in
chicks sporadically as well as by the action
of several hereditary traits, may be produced
by injection of insulin into the egg. For a
review of this subject the reader is referred
to Landauer.!$

POISONS

Very little successful work on the effect of
poisons on mammalian embryos is on rec-
ord. Apparently, here, as in mechanical in-
juries, it is very difficult to find a level of
toxicity that will affect the developing em-
bryos and not interfere with continuation
of pregnancy. Yet, it is possible that such
conditions exist. We have learned from the
study of the effects of virus diseases on hu-
man embryos (see below) that there is no
parallelism in the severity of the effects on
mother and embryo. One example from the
field of experimentation is the production of
various malformations by injection of trypan
blue into rats before and during pregnancy.?
Lead poisoning, asymptomatic in the
mother, has been suspected of producing
malformations it man,’® but no conclusive
information yet has been obtained. Iodine
deficiency may lead to cretinism with its
well-known disturbances of mental and
physical development.

VITAMINS

Abnormal levels, mostly deficiencies, of
vitamins have been studied experimentally as
to their effects on the embryo. Antimetabo-
lites have been used with excellent success in
some of the more recent work in this field.
Numerous nvestigators have reported the
changes induced n laboratory ammals by
deficiencies of vitammn A ** riboflavin,®? folic
acid,* pantothenic acid,? linoleic acid** and
vitamin D.>* Again, there is a narrow range
in which deficiencies produce developmental
changes without interfering with continued
pregnancy. For this reason, only very few
clear-cut cases of mtra-uterine changes due

to vitamin deficiencies have been reported
in man. Low grade and uncharacteristic de-
ficiencies of the fetus probably are more
common, but these cannot be apprehended.
Estimates of the effects of poor nutrition
range up to the statement of Burke and co-
workers,” to the effect that nearly all perinatal
deaths, the majority of malformations and
all instances of prematurity occurred in their
series in mothers with inadequate diet. This
is to be viewed with suspicion, in view of
so many other known causes of abnormal-
ities. In many vitamin deficiencies of ex-
perimental animals, skeletal changes, not
necessarily similar to those in children or
adults, are prominent.

HORMONAL IMBALANCES

Hormonal imbalances have been produced
experimentally by the administration of hor-
mones to pregnant animals and, in rare in-
stances, by the surgical removal of endo-
crine organs from embryos. A large volume
of literature has accumulated on the effect
of these procedures upon the genital organs
Of interest are the effects that Jost attributed
to the admmistration of ACTH to rat em-
bryos and later recognized to be duc to
pressor substances,® These produced ne-
crosis and loss of the distal portions of the
extremities and the tail of the embryos, re-
sembling in the final outcome some of the
so-called amniotic amputations. Cortisone
administered to pregnant rats produces cleft
palate, varying m incidence 1n different
strains of animals.” So far, experiences with
women recewving cortisone treatment during
pregnancy have not indicated untoward ef-
fects on the offspring.” According to Lang-
man and van Faassen,™ thyroid deficiency
of pregnant rats produces malformations of
the eyes, cleft palate nnd.abnormnlmcs of
the skeleton and the extremities

OXYGEN PRESSURE

Variations in oxygen pressure have sig-
nificant effects on development. Examples of
numerous investigations are those of Nau-
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johs™? on chick cmbryos, describing matfor-
mations of the eyes, central nervous system
and extremities, and those of Ingalls and co-
workers' an pregnant mice, in which the
embryos showed defects of the eyes, the cen-
tral nervous system, the palate and other
parts, in addition to resorption of cmb{yuf,
It is not known to what extent anoxia is
teratogenic in human beings. Difficulties of
human propagation at high altitudes are on
record.

RADIATION

Interest m the effects of radiation on em-
bryonic development has increased in recent
years, along with other ficlds concerned with
ionzing radiations. The proceedings of a
symposium on this subject™ attest to this
and should be consulted for discussion of
various bawic aspects of the ficld. Most of
the work has been done with roenigen rays,
which are relatively easy to handle and
control. A number of workers have used
closely timed exposute of rat or mouse em-
bryos to determinc patterns of abnormal
development and their changes as develop-
ment proceeds. A large variety of skeletal

h feature pre ty i the results
of thus work. The original reports must be
consulted for details.

It is essential to distinguish the effects
of damage produced by ionizing radiations
m the tissues of a developing embryo from
2 possible influence on the genetic consti~
tution The former results i abnormalities
of the wdividual subjected to radiation; its
offspring will not be affected. The latter does
not aiter the mdvidual in a manner discerni-
ble by any means of investigation; how.
ever, its offspring may be abnormal This
latter abnormality may appear several gen-
crations later, and not in a characteristic
form, since radiations probably increase the
mutation rate without producing any muta-
tions that would differ qualitatively from
spontancous ones Therefore, from the ex-
penience gathered during one observer’s life-
time, it 15 a gross error to state that irradia-

tion of the gonads does not produce genetic
alterations.

TEMPERATURE

So far as we know, dircct cffects of em-
perature changes on the embryo are irrele-
vant in man. Stress of the mother produced
by extreme temperature changes might con-
ceivably aflect the embryo by the endocrine
consequences in the mother, However, this
fas not been demonstrated so far in human
cases. In chick embryos, reduced tempera-
ture during certain phases of development
has been shown to interferc with normal de-
velopment!? or to modily the expression of
hereditary matformations.®?

INFECTION

To what extent infection causes abnormal
development is not known. Even the inci-
dence of malfermations following rubella
during the first trimester of pregnancy is
under discussion. More and more investi-
gators suspect that the figures should not be
set as high as was believed immediately fol-
lowing the discovery of this relationship.
Other viral infections may be involved less
frequently. It is not certain that immuniza-
tion of women will prevent subsequent ef-
fects of viral infection on the embryo, since
prevention of disease in the mother does not
necessarily mean prevention of viremia and
infection of the embryo,**

Bacterial and protozoan infections may
produce severe disease in the fetus (e.p,
syphilis, toxoplasmosis), but developmental
processes are not involved predominantly.

_Several points stand out in the story of
virus-induced human malformations as we
know it today. One is that here, as in other
instances mentioned above, mild and some-
times subclinical diseases of the mother have
more profound effects on the embryo than
has severe iltness. Another point of interest
is the question of the mature of the agent
versus the time of action. Some observers
have stated that rubella during the second
month produces changes different from
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those arising during the third month, etc,
and it was concluded that the action of
rubella was a nonspecific one, and that the
type of abnormality was determined by the
time of action. Against this we must hold
the characteristic and limited range of ef-
fects of rubella on the embryo. This can bz
accounted for by a specific action of the
disease, modified only to a slight extent
(within certain limits) by the state of the
embryo, and makes it appear likely that the
embryo is affected directly and specifically
by the virus, rather than in an indirect and
nonspecific manner by the maternal disease.

MATERNAL AND
UTERINE ENVIRONMENT

The maternal, and more particularly the
uterine, environment of the mammalian em-
bryo may have adverse effects on develop-
ment. This has been demonstrated in pure-
bred strains of mice.® Recent studies of preg-
nancy wastage in women with repeated un-
successful pregnancies have suggested a sig-
nificant role of gross uterine deformities or
endometrial abnormalities.* In mongolism,
the high incidence in infants of relatively
old women is well known; what kind of
maternal factor, uterine or otherwise, is in-

volved has not been determined.

GENETIC AND
ENVIRONMENTAL FACTORS

The relationship of genetic and environ-
mental factors 1s a fundamental problzm in
both normal and abnormal development.
Everyone accepts the fact that normal de-
velopment 1s determined or influenced by
genetic factors and also by effects of the
environment, Yet, it has been difficult to
gain acceptance of the same principle in ab-
ro.mal development In recent years direct
evidence has been obtained both for modi-
fication of hereditary traits by the environ-
ment and for genetic varations in the ef-
fect of teratogenic agents The latter has been
investigated by Fraser,” using the production
of cleft palate by cortisone i several pure-
bred strains of mice, and by Landausr,'® in-

vestigating the effects of boric acid on em-
bryos of various strains of chicks.

The morphologically discernible effects of
genetic and environmental factors may be
quite similar. It has been possible to produce
fairly close replicas (“phenocopies™)  of
hereditary abnormalities by altering the en-
vironment.™¥ In some instances it is known
that the basic mechanism in the two similar
malformations is different; in other cases one
might suspect that essential steps in the basic
mechanisms were common to the hereditary
trait and its phenocopy. For instance, 1t is
conceivable that an experimental vitamin de-
ficiency and a hereditary metabolic defect
influence the same chain of chemical reac-
tions and, therefore, produce similar visible
effects. As yet, conclusive proof has not
been brought forward.

From the point of view of medical prac-
tice, two closely related questions stand out:
how can one, faced with a malformation in
a patient’s offspring, determine the cause of
the defect?; and what advice can one give to
prevent the occurrence of the same or an-
other abnormality in the future? It must be
remembered that reliable methods of ge-
netics and of developmental pathology are
based on the planned production of large
numbers of offspring under controlled con-
ditions, There are very few hereditary ab-
normalities in man that are so conspicuous
and are transmitted with so httle modifica-
tion in their expression that their genetics
can be established even under the adverse
conditions of human propagation (e.g., he-
mophilia). Even smaller s the number of
those malformations that can be recognized
as caused by a definite environmental agent
(e g, rubella, roentgen rays). A number of
malformations “run m families,” and these
are probably, but not defimely, hereditary.
That leaves the bulk of developmental ab-
normalitics in the so-called sporadic group;
their cause and genesis are unknown, and
speculative  explanations  have beclonded
rather than elucidated the ficld Even in
some of the few instances in which the cause
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of a malformation ix known, the probability
of its occurrence is controversial (c.g., ru-
befla). Some matformations recur repeatedly
in some families and are sporadic in the rest
of the population. It is extremely diflicult
to determine whether they are genctically
caused in the former event or in all instances,
or not at all. The difliculties of the genetic
evaluation of human abnormalitics have been
presented conciscly by Sayder.® There prob-
ably is no other ficld in pathology in which
the gap between well-founded basic howl-
edge and the Iack of its applicability to a
given human case is as great as in teratology.

PATHOGENESIS

The pathogenesis of many malformations
of animals is well known. Closcly spaced
cmbryonic stages have been followed, as in
investigations of normal development, and
in many instances the abnormal embryos de-
velop thesr special traits with nearly the same
regularity that characterizes normal develop~
ment. Processes that previously had been
postulated have been demonstrated to oceur,
such as the splitting or the fusion of pri-
mordia, or the excess or the retardation of
normal development, progressive as well as
regressive, Developmental interrelations may
add extensive secondary anomalics to a lim-
ited primary defect. However, in addition, a
typz of abnormality that never was envis-
aged by the fathers of teratology has been
shown to be one of the most important ones,
ie, degeneration of previously well-formed
parts, It follows hereditary, as well as en-
vironmental, causes of maldevelopment.
Well-documented hereditary examples re-
producing conditions of interest to the ortho-
paedic surgeon include the nervous system
(hereditary ataxia of lambs®), muscles
(crooked-neck  fowl®) and  extremities
(brachydactylia of rabbus'ty For example,
influences of the environment include the ef-
fects of selenium compounds on the central
fervous system and the extremities of chick
embryos.* There are indications, both from
obsesvation of suitable cases and from com-

parison with animal material, that the so-
called amniotic amputations in man arc due
similarly to tissue degencration rather than
accidental strangulation by amniotic bands,
In the light of these facts, several terato-
logic concepts must be reviewed critically.
One of these is the feratogenctische Termii-
nationspunht of Schwalbe,* which means the
tatest stage of cmbryonic development at
which a given malformation can develop;
another one is the status Bonnevie-Ullrich.
The first-mentioned concept stems from the
days when teratology developed into a sci-
cence with a rational basis, largely under the
influence of experimental embryology, De-
velopmental processes had been modified in
a regular and predictable manner by experi-
mental procedures, and malformations re-
sulted. It was only reasonable to assume
that, given adequate knowledge of normal
development, one might retrace in one's
mind the steps of morphogenesis and thus
figure out the point at which development
must have deviated to yicld a given mal
formation. This kind of reasoning is based
on the occurrence of processes such as re-
tardation, deviation or excess of growth,
fusion or splitting of primordia, ete. It is per-
tinent in certain instances, ¢.g., transposition
of the great vessels, in which it is incon-
ceivable that normat relations of the arteries
to the ventricles of the heart could have de-
veloped fully and then each artery switch
from one ventricle to the other. In another
cxample—tracheo-esophageal fistula com-
bined with atresia of the esaphagus—it is
equally inconceivable that the normal sep-
aration of the trachea from the esophagus
could take place and the 2 primordia then
reunite by a fistula and one of them divide
into 2 portions in a mansuer as regular as
one finds the features of the malformation
in question. In these instances it is reason-
able and permissible to figure out when the
crucial steps in development occur that ace
modified in a given malformation. The
abnormality must have been determined at
or before that point. On the other hand,
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there are innumerable malformations of the
nervous system, the sense organs, the mus-
culoskeletal system or the entire extremities,
in which it js likely, and in some instances
actually proved, that parts which are defective
at birth were laid out and formed normally
and then destroyed or deformed by degen-
eration. In these instances it is impossible to
figure out time and mechanism of the ab-
normal developmental process by examin-
ing the individual at birth. Thus it appears
that Schwalbe’s old concept applies to a lim-
ited number of malformations, whereas in
others its use is unjustified and misleading.
One of the instances in which entirely un-
warranted conclusions have been drawn from
the appearances of malformed individuals af-
ter birth is the status Bonnevie-Ullrich. Bon-
nevie? described how blebs of cerebrospinal
fluid, escaping from the brain and traveling in
the subcutaneous tissue, cause disturbances
in embryenic tissues in a strain of mice with
malformations of the eyes, the extremities and
other parts, Ullrich** adopted this explanation
advanced by Bonnevie for one strain of mice
to account for a wide variety of unrelated hu-
man malformations. This is unreasonable, not
only because, as was pointed out above, the
final form of a malformation usually does
not reveal the mode of pathogenesis, but also
because in large numbers of well-authenti-
cated cases in animals with and without bleb
formation the cerebrospinal fluid has not
been found to be involved. Actually it is
doubtful that Bonnevie'’s explanation is true,
even for that particular strain of mice, as
has been pointed out by Jost 1* Moreover,
the abnormalittes included i the status Bon-
nevie-Ullrich by various writers are very
heterogeneous and should not be considered
as one entity. The large number of papers
dealing with this alleged status attest to the
poor background and judgment of many
writers concerning themselves with teratol-
ogy who pretend to know pathogenetic
mechanisms and figure out the time of origin
of all malformations, or those who have us

believe that many kinds of abnormalities are
caused by rampaging cerebrospinal fluid.
This retards rather than advances the knowl-
edge of abnormal development.
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Causas Ambiental de Anormal Disveloppamento Embryonal

Swummario in Interlingua

Es passate in revista varie causas ambien-
tal de malformation. Illos include agentes
mechanic, effectos de alterationes chimic,
radiation, alteration de temperatura, infec-
tion, e influentia del organismo materne.

Es discutite le relation inter factores am-
biental e genetic. Es notate le similitude de
certes de lor effectos e mechanismos. Diffi-

cultates incontrate in le interpretation de
causa e pathogenese de malformationes hu-
man es mentionate, e le fallacia del si-
appellate stato Bonnevie-Ullrich es signalate.
Le limitationes del deduction de causa e
pathogenese de un malformation super le
base de su apparition final al nascentia es
obvie,



The Genetics of Joint Diseases™

ROBERT M. STECHER, M.D.7

Genetics as a possible etiologic factor in
various types of joint disease is commanding
more and more attention. This is due in part
to advances in technical knowledge of the
science of genetics and in part to uncertainty
concerning the etiology of these diseases. It
is the purpose of this chapter to review the
evidence and pursue the argument that sup-
ports the hereditary basis of joint diseases
and to weigh the importance of heredity
against other known causes,

In the study of genetics the process is
always the same. First, disease or a syn-
drome is recognized, described and defined.
Finally, specific diagnostic features are es-
stablished, and case reports appear. The fa-
milial nature of the disease is confirmed
when cases are described in parent and
children, in several members of the same
sibship and in twins. When these appear in
sufficient numbers they are assembled and
analyzed in toto, Then correction can be
made for families of small size; decision can
be made as to whether inheritance is as a
domimant or a recessive; and computation
can be made as to penetrance and whether
or not the character is sex linked or sex in-
fluenced. If data are available as to incidence

1n the general population, an estimate can be
made as to gene frequency. Regarding arthri-
tis, all these steps have been followed satis-
factorily concerning Heberden's nodes, they
“'i‘;;‘ the Department of Medicine, Cleveland
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have been followed partially in rheumatoid
arthritis, spondylitis and gout, and heredity
is barely suspected in osteoarthritis of the hip.

In hereditary studies it is important that
the diagnosis be made accurately and data
restricted to the same disease. Former studies
have groupzd different diseases together as
the rheumatic syndrome linking in the same
pedigres rheumatic fever, rheumatod ar-
thritis, spondylitis and osteoarthritis, which
has led to inaccurate and confusing conclu-
sions. Even in the same disease, as osteo-
arthritis, affecting different joints, differentia-
tion must be made. It will be shown that the
heredity of osteoarthritis of the fingers, the
hips and the spine vary widely from one an-
other.

It is not necessary to have a high family
incidence of disease, direct transmission from
parent to offspring, or 1o attain mendelian
ratios of involvement to prove that heredity
plays a part in the causation of disease. In
diseases of the joints inheritance often is ir-
regular, penetrance is incomplete, and in-
volvement is modified by sex, age and the
menopause. The Jate age of onset also adds
to the difficulty of analysis, because many
susceptible people die before the discase
develops The older the age of onset the
more important environmental factors are,
and the likebhood of avoiding the disease
mcreases In other words, joint disease often
is multifactorial, and other conditions be-
sides hereditary susceptibility must be ful-
filled for the discasc to develop. I there is
no hereditary susceptibility, the discase doss
not occur.
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Among the joint diseases in which heredity
seems (o play a part, and which wilt be dis-
cussed here, are Heberden's nodes, sheu-
matic fever, sheumatoid arthritis, ankylos-
ing spondylitis, gout and ostcoarthritis of
the hip. The joint discase of rheumatic fever
is temporary and never permancntly deform-
ing. However, in this discase 2 factors, a
hereditary  susceptibility and an environ-
mental faclor or a streptococeal infection,
have been idenified. Gout is a metabolic
discase, but joints arc involved and at times
damaged seriously. Osteoarthritis of the hips
is a complicated discase or a collection of
different diseases, and much of the discus-
sion here s probably mare philosophical
than scientific. However, these are specific
diseases, each associated with pathologic le-
sions that are recognized readily. Nothing
will be said about such functional discases
as fibrositis, menopausal arthritis or psycho-
genic rheumatism,

HEBERDEN'S NODES

Heberden's nodes or osteoarthritis of the
finger joints arise in 2 different ways.’® In
men particularly, and after injury, enlarge-
ment of the terminal joints appeacs promptly,
develops in & short time to a final stage and
remains unchanged throughout life, Only in-
jured joints are affected. This is a true trag-
matic arthritis and is mentioned only for
completeness, Traumatic Heberden's nodes
will not be mentioned again,

Our main interest is centered in jdiopathic
Heberden’s nodes, those that asise spontane-
ously without recognizable cause, usually in
women and most often at or about the time
of the menopause. This disease starts in
t finger and spreads in months or years to
others. Having seen a family of 1 man and
4 sisters with enlarged fingers, a survey of
the population at large with observation of
vearly 8,000 individuals gave information
about the generat clinical appearance of the

disease, its distribution among the different
fingers, the sex ratios of involvement and

the incidence of the disease in cach decade
of life, With this information available, it was
possible to show that Heberden's nodes ran
in familics, that mothers were affected twice
and sisters 3 times as commonly as the gen-
cral population, and that certain combina-
tions of family involvement were nat ex-
pected to occur by chance alone more often
than once in 10 miftion and once in 5 mil-
lion [familics.™ Obviously, penctrance in
women depended upon age. Gene frequency
analysis™ showed that this discase was sex
influenced, being de in women and
recessive in men. After the 7th decade, when
penctrance is compicte, the incidence of
Heberden®s nodes in women is 30 per cent
and in men 3 per cent. Being dominant in
women, they are affected when they are
heterozygous. Men are affected only if they
are homozygous. However, the hetcrozygous
men teansmit the geae to one half of their
progeny. These women develop Heberden's
nodes, their brothers become carricrs. Men
become affected only if they are homozy-
gous. It will be expected that one fourth of
these brothers and three fourths of these sis-
ters will be affected. It is expected that the
trait will be Inherited by all their daughters.

When pedigrees were divided into 2
groups, 1 in which 1 parent was affected and
1 in which no parent was affected, it was
found that the 1st group had an appreciably
higher proportion of affected children, In the
families without affected parents it was as-
sumed that the trait was inherited from the
phenotypically normal father who was geno-
typically heterozygous for Heberden's nodes.
In the group of families with an affected
mother it is expected, with random mating,
that 30 per cent of the fathess will carry the
gene and account for the higher incidence of
the trait. In families with known double in-
heritance, as jdentified by the presence of
affected sons, the daughters are expected to
be affected in the ratio of 3 t0 1, In 4 such
families, 8 of 11 daughters were found to be
affected, which came very close to the ex-
pected ratio.
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Certain conditions interfere with the reali-
zation of these results. The age of onset is
delayed; therefore, it is inevitable that some
women will die before the trait develops or
is recognized. The development of Heber-
den’s nodes js related in some way to the
menopause, because one half of our patients
noted Heberden's nodes within 3 years of
the last menstrual period.?” When the meno-
pause preceded the onset by many years, it
was found that a hysterectomy had been
performed. When the onset preceded the
menopause, no ready explanation was found.

In the investigation of a large pedigree in-
volving 30 individuals in 3 generations, sev-
eral women who theoretically should have
had Heberden's nodes did not show them.*
Lateral roentgenograms of the fingers re-
vealed small nests of calcium deposit in the
extensor tendons near their attachment to
the distant phalanx. These have been seen
in the early stages of the disease, and it was
decided that they were manifestations of
poor expressivity of the disease.

In the author’s experience, Heberden’s
nodes are a specific type of joint involvement
confined to the finger joints, most commonly
affecting the terminal joints but also involv-
ing proximal joints. They are not part of a
generalized osteoarthritic syndrome.?? None
of these patients had severe, generalized or
crippling joint disease. It is true that patients
with Heberden’s nodes complained of creak-
ing of the knees and took aspirin more often
than did the control series. This was be-
cause, in the course of the studies, patients
with Heberden's nodes were seen over and
over again, often during a period of 10 years,
and they had ample opportumty to com-
plain and to get prescniptions. The control
subjects were seen only once; they were

surprised and puzzled at the interview and
barely had ume to collect their thoughts or
even to r mnor before
the examiner had assuced himself of the
normal function of shoulders, elbows, knees
and hips and was on his way.

Contrary to popular belief about osteo-

arthritis, there was no association with hy-
pertension or obesity 1t

RHEUMATIC FEVER

The clinical features of acute rheumatic
fever or acute rheumatism are too well
known 1o require detailed review. The rheu-
matic feature of the disease is an acute
febrile, migratory and painful arthritis last-
ing weeks or months, often producing com-
plete but temporary disability and followed
invariably by complete recovery. Permanent
joint damage or deformity never occurs. It is
essentially a disease of childhood. Its great
interest from a community and public health
viewpoint depends upon the regularity with
which organic heart disease occurs with its
attendant chronic invalidism, disability and
premature death. According to insurance
statistics, rheumatic fever and rheumatic
heart disease are found to be the commonest
causes of death betwezn 15 and 19 years of
age.’®

The onset of rheumatic fever has long
been recognized as associated with acute
tonsillitis, sore throat and streptococcal in-
fections. Thus, incidence of rheumatic fever
is related to cold, damp and changeable
weather, poverty, congestion, substandard
living conditions and malnutrition. It has
been rare in warm and sunny chmates, such
as Arizona and Puerto Rico, where people
live outdoors, and streptococcal infections
are rare.

Although rheumatic fever had long been
regarded as an infectious disease, the fﬂCfor
of heredity also has been suspected. As in-
formation accumulated it has become clear
to the author that this is a discase de-
pendent upon 2 distinct factors, both of
which must be present for the disease to
develop, These are susceptibility, which dc-
pends definitely upon heredity and environ-
ment, or infection with hemolytic strepto-
cocci,

Numerous studies have been published
indicating that rheumatic fever is a familial
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disease, and that incidence increases as the
relationship becomes more intimate with
index cases; that is, siblings arc nﬂccl?d
more frequently than are parents or chil-
dren, cousins or aunts, uncles and second
cousins. Under certain conditions in which
streptococeal infections  are endemic an.d
children live in close proximity and inti-
macy with each other, the discase is shown
to occur in mendelian ratios of a single
autosomal recessive trait. In a study pub-
lished by Wilson,?® when both parents were
negative, 39 of 98 children, or 39.8 per
cent were affected. When 1 parent was af-
fected, 34 of S5 children, or 62 per cent,
were affected. And in 3 familics with both
parents affected, all 13 children were af-
fected.

The role of the streptococcus in the pro-
duction of rheumatic fever has been sum-
marized by Rammelkamp et al.1! In study-
ing a controlled population at Warren Air
Force Base, in Wyoming, with complete
medical histories, frequent physical examina-
tions and repeated throat cultures, they
found that rheumatic fever developed only
after streptococcal infection, and then in
only 3 per cent of patients with proved
streptococeal infections. They present the
data of almost identical proportions in care-
ful studies of populations in North Caro-
lina, Boston and Denmark. Rheumatic fever
seems to appear primarily in patients who
develop large amounts of antibody, as in-
dicated by a rise in antistreptolysin titer.
There seems to be no immunity to strep-
tococeal infections, because in large family
groups living 1n cities, nearly every indi-
vidual can be seen at onme time or another
with streptococcal nfections if he 15 studied
closely enough for a sufficiently long period
of time, Thus, it is apparent that the entire
population is vulnerable to streptococeal in-
fection, but that susceptibility to rheumatic
fever 15 limited to the 3 per cent who de-
velop 1t. The 3 per cent seem to be geneti-
cally determined on the basis of a single
factor—autosomal recessive. According to

this supposition, rheumatic fever attains
mendelian  proportions at times in densc
urban populations where streptococeal in-
fection is endemic, These proportions ate
not attained in environmental circumstances
where streptococeal infections are rare or
nonexistent, such as Pucrto Rico, Arizona
or Florida, Rheumatic fever is avoided or
its incidence is reduced when personal hy-
giene is good, when streptococeal infections
arc not so common as in cconomically
favored homes, when each child has his own
bed and his own room, whent nutrition is
good and when proper treatment with anti-
biotics controls infection, prevents its spread
and reduces the immune reaction and de-
velopment of antistreptolysin titer. With
continually improving housing, nutrition and
prophylactic medical care, it is conceivable
that rheumatic fever soon may become a
completely controlled and rare disease. The
same or even a larger proportion of the
population will remain or become suscepti-
ble to rheumatic fever, which then may break
out in a widespread epidemic, even as small-
pox has done.

The 3 per cent incidence of susceptibility
in the population to rheumatic fever can be
used for gene frequency anmalysis. The find-
ings are: 3 per cent, homozygous susceptible;
28.6 per cent, heterozygous normals who
are carriers; and 68.3 per cent, homozygous
normals.’® Rheumatic fever seems to result
from unusually energetic immune reaction
to streptococcal infection, as shown by the
antistreptolysin titer. Recognition of sus-
ceptible individuals has been attempted by
9bserving the immune response to different
mnocuous antigen, but this has not been
successful as yet.

When rheumatic fever is recognized, the
family should be alerted to the danger of
streptococcal infections, and all siblings
s}{ould be treated promptly and adequately
w1t}1 afltibiotics to cure the infection before
a rise in antibodies occurs, It is conceivable
that if these measures are used effectively,
theumatic fever might be eliminated,
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RHEUMATOID ARTHRITIS

In a study of the genetics of rheumatoid
arthritis,®* the families of 224 patients, in-
cluding 1,667 individuals, were compared
with the families of 488 controls composed
of 2,759 individuals. 3 per cent of all rela-
tives of patients were found to have been
affected, compared with 0.6 per cent in the
control series. Of relatives over the age of
50 years, the figures obtained were 5 per
cent and 0.9 per cent. Rheumatoid arthritis
is found among the relatives of affected
people 5 to 6 times as frequently as among
others.

Among 224 families, 250 people had
rheumatoid arthritis out of 1,054 brothers
and sisters compared with 561 expected if
the disease were inherited as a simple auto-
somal dommant. Gene-frequency computa-
tion, based upon 16 found to be affected
among 2,759 in the control series, showed
0.58 per cent of the population picked at
random with the disease. Since penetrance
was about 50 per cent, the gene frequency
is doubled, 0.58 to 1.16 per cent. In other
words, 1.16 per cent of the general popula-
tion has the proper genetic constitution for
the disease, and 50 per cent of these, or 0.58
per cent, are affected, This indicates that
about 12 per 1,000 are susceptible and 6 per
1,000 affected.

Many factors are present that obscure
the workings of heredity and make analysis
difficult or doubtful. One is the varying age
of onset recorded in this series as 13 to 72
with an average age of 39.2 + 0.9 years.
Because of earlier death, one never is cer-

tain of the true number of susceptibles in
the group. Another factor is the sex ratio,
always higher in women than in men, with
widely varying differences in proportions
from series to series. Among our index cases
it was 166 women to 123 men, because of
nonrandon: sampling and the inclusion of
a large number of cases from the U. S.
Veterans Hospital. Of the affected parents
of index cases, 15 were mothers and 8 were
fathers, a 2 to 1 ratio. Of 57 affected in-

dividuals, excluding the index cases, there
were 41 women to 16 men, or a ratio of
2.5 to 1. Only 23 of 224 parents were re-
ported to be affected as compared with 1
in each family in a dominant character. This
indicates a penetrance of only 10 per cent.
It is obvious that many parents suffered mild
or atypical and unrecognized disease.

Although heredity plays an important part
in the course of rheumatoid arthritis, other
secondary conditioning factors also must be
significant. They have been sought repeatedly
with indifferent success. An extensive con-
trolled study'® was pursued in England in
1950 in which each of 532 patients with
rheumatoid arthritis was paired with an un-
affected person of the same age, sex and
marital status. An arbitrary age of onset was
assigned to each control person the same
as that of s affected partner. Data were
gathered and related to age of onset, real
and simulated, as to tonsillitis, sinusitis, den-
tal infections, accidents, exposure to inclement
weather, faulty nutrition, unhygienic living
and working conditions, pregnancy and its
complications, menopause, social disaster,
emotional stress and other pertinent factors.
The only significant difference noted between
the 2 groups seemed to be that the paticnts
had a higher proportion of affected rela-
tives than did the control group, and, thus,
heredity was the single factor demonstrated.

Rheumatoid arthritis presents a nice theo-
retical problem. It is seen that gene f{c-
quency and penetrance are both low, in-
dicating that a small proportion,. 1.2 per
cent, of the population is susceptible, and
only one half of that number succomb to the
disease. Positive secondary causative factors,
such as infected teeth, tonsils and sinuses,
unhygienic living and working conditions,
emotional, financial and personal stress—all
part of the pattern of everyday ljving that
99 per cent of the population sustain without
developing rheumatoid arthritis—~may well
prove on closer examination to be critical
for susceptible individuals.

Much of the evidence on the cause of
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rheumatoid arthritis may have to be re-
cevaluated and certain current conclusions
modified. The initiating factor may be as
specific, as innocuous and cven less closely
related from the point of time to the vague,
indefinite, uncertain and unrccognizable on-
set of rheumatoid acthritis as is a strepto-
coceal infection in a susceptible individual
to rheumatic fever. When this hypothetic
initiating stimulus can affect all the popula-
tion and arouse this chronic disease in less
than 2 per cent of thosc attacked, it is small
wonder that it has not been recognized as
yet‘

ANKYLOSING SPONDYLITIS

Ankylosing spondylitis is considered to
be a definite clinical entity entirely separate
from rheumatoid arthritis. That heredity
plays a part in its etiology is indicated by
the numerous examples of familial involve-
ment that occur. In previous studies, about
75 instances have been cited in the litera-
ture. In our material, 7 secondary cases were
found in 50 families studied.®

The occurrence of spondylitis in both
members of 3 sets of identical twins scarcely
can be explained on a basis of independent
probability. In an extensive study of spon-
dylitis in Bristol, West®* concluded that the
disease afflicted about 1 in every 2,000
of the population, Using his estimate of the
incidence of the disease, the probability of
2 particular individuals being affected would
be 2,000% or 1 in 4 million. Since approxi-
mately 1 1in 90 births are twins, and one
third of these are identical twins, involved
1dentical twins could be expected only once
in 270 times 4 million births, or 1 in 1 billion
births, Assuming spondylitis to be hereditary,
it could be expected to affect both twins
about once in 540,000 births, West also
found that spondylitis did not follow the law
of independent probabilities. In an exhaus-
tive study of 41,907 families in Bristol, he

found 74 families with 1 case of spondylitis,
8 with 2 and 3 with 3, compared with 74
families with 1, 0.065 families with 2 and

0.00003 families with 3, as expected on a
basis of Poisson distribution.

In our serics of 56 families there were 63
cases among 281 relatives, or an incidence of
2.5 per cent. These included 1 father, 3
brothers and 3 sisters. In a control series
of 616 families with 3,335 relatives, 6 were
found to be affected, or an incidence of
0.18 per cent, Thus, relatives of spondylitic
paticnts suffer from the discasc about 15
times as commonly as do members of the
general population,

One striking feature of spondylitis is the
sex incidence, usually given as 10 men to
1 woman. In a computation from 10 series
chosen arbitrarily from the literature, the
ratio proved to be 5.7 men to 1 woman.
West found an incidence of 10 men to 1
woman, In our series the incidence was 55
men to 7 women. Because of this wide dif-
ference in sex incidence, penetrance had to
be corrected for each sex.

Considering spondylitis as a single auto-
somal dominant character, in 56 affected
families with 214 sibs, 62 actually were
found instead of the 118 expected, indicat-
ing a penetrance of 52 per cent. Penetrance
then was computed for men and women sep-
arately. It was found that 138, or 65 per
cent, of 214 index cases and their sibs were
men and 76, or 35 per cent, were women.
Sixty-five per cent of 118 expected to be af-
fected indicates that 77 men, and 35 per cent
of 118 or 41 women, are to be expected af-
fected. Since 55 actually are affected com-
pared with 77 expected, penetrance is 71 per
cent in men, and 7 women actually are af-
fected compared with 41 expected affected.
Penetrance is 17 per cent in women. The pro-
portion of men to women expected to be af-
fected is 71 to 17, or about 4 to 1. Therefore,
.::\bout 80 per cent of the cases will be found
In men, fairly close to the 85 per cent in the
2,321 cases cited from the literature.

Penetrance in each sex then was com-
puted in a different way, first by dividing
the series according to sex of the index case.
In this computation some of the families had
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to be omitted because there was a male
index case where only affected women were
found in the family and vice versa. For sib-
ships containing male index cases, there
are 51 families with 130 sibs and 54 affected
brothers compared with 80.6 expected,
showing penetrance of 67 == 4.1 per cent.
Considering 4 families with female index
cases and limiting the computation to sis-
ters alone, we find 6 of 11 sibs affected,
compared with 6.5 expected, or 100 per cent
penetrance. Obviously, these results are
higher than those experienced in the gen-
eral population, particularly in women, and
are due, in part at least, to weighed sam-
pling of the material and elimination of the
families with milder involvement. This is
indicated by the fact that these 2 groups
include 141 sibs, instead of 214 sibs, in the
56 families. Because of this unusually high
penetrance in women, correction for family
of small size was applied to all families with
an affected sister, and all sibs were included,
The result revealed that 5 families included
19 sibs with 9 affected, compared with 10.3
= 1.9 expected, showing 90 per cent pene-
trance. Bearing in mind the standard error,
this may be taken as indicating perhaps com-
plete penetrance. In sibships with a woman
affected there 1s a stabilizing influence on
the main factor, the result being a higher
than ordinary penetrance. This peretrance
will be discussed later. Despite the complete
penetrance seen in those sibships with an
affected woman, penetrance in women in
the entire series was Jow; only 7 of the 76
women, or 9 per cent, were affected, com-
pared with 49 of 120 men, or 41 per cent.

In the study of human heredity it now

is realized more widely that the analysis of

pedigrees and the conclusion drawn from

the statistical tests made on the accumulated

data need to be reasonably consistent with

the gene freq n the population. It is

difficult to achieve this desirable result, be-

cause many human traits commonly show a

lack of penctrance of the genes involved,

and there are few characteristics for which

the incidence in the general population is
known accurately. This also is true of spon-
dylitis; nevertheless, it is desirable to at-
tempt the gene-frequency analysis.

Apparently the most satisfactory data on
the incidence of spondylitis are those of
West,2* who found 1 in 2,000 in the adult
population of Bristol, England. He also
found a ratio of 10 men to 1 woman with
spondylitis. Consequently, there are 10 men
and 1 woman with spondylitis in every
22,000 of the adult population.

Because of the fairly large number of
reported instances of spondylitis in 2 and 3
generations, this low incidence of 1 in 2,000
of the adult population is itself evidence that
spondylitis is a dominant trait. If it were a
recessive, some degree of consanguinity
would be expected in the 56 families. None
was found.

For determining the gene frequency one
needs an estimate of the penetrance, as well
as the incidence, of the condition in the
population. The 2 different estimates of the
penetrance in men of 71 == 3.8 per cent
and 67 == 4.3 per cent are in fair agreement,
so that a round figure of 70 per cent may
be taken as the penetrance in men. The es-
timate of the penetrance in women is some-
what less certain, From our small sampling
the penetrance in women was 17 % 4.8
per cent. But, as argued above, in thefe
families, the penetrance is greater than in
the general population. We may make an-
other estimate of the penetrance by sub-
tracting the 4 index cases, leaviqg 72 w?men,
only 3 of whom have spondyhlxs, whilst on
the basis of a | to 1 ratio 36 would be ex-
pected. This gives a penetrance o.f about'B
per cent in women. This agrees wn}'x West's
census of the total population of Bristol; he
found a ratio of 10 men to 1 woman, or a
penetrance of 7 per cent. Consequently, for
the calculation of gene frequency, 70 per
cent penetrance in men and 10 per cent in
women will be used.

Assuming the trait to be an autosomal
dominant, and making the calculation first
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for men with 70 per cent penetrance, 1 man
in 1,540 of the population will have a ge-
netic constitution for spondylitis. The in-
complete penetrance lowers the incidence
among men in the populntion tolin 2,2()9.
With random mating of a population in
genetic cquilibrium, the homozygous domi-
nants, the heterozygotes and the homozygous
recessive are present in the population in
the relative frequencics d* + 2dr + r* =1,
where d is the frequency of the dominant
factor for ankylosing spondylitis and r is
the frequency of the recessive normal allele.
The calculation shows that for men the value
of d is 0.00032, and for r the value is 0.99968;
consequently, the frequency of heterozygotes
2 dris 0.00064.

If the trait is an autosomal dominant,
there are as many women as men with the
genetic constitution for spondylitis, so that
these gene frequencies should be very sim-
ilar to those obtained from the correspond-
ing calculation from the data for women.
Again, on the basis of West’s figure, the
incidence of women in the adult population
is 1 in 22,000; but, allowing for the low
penetrance, taken as 10 per cent, the fre-
quency of women in the population with the
genetic constitution becomes 1 in 2,200, so
that 2,199 in every 2,200 are recessive nor-
mals. The calculation from the equation for
a population in genetic equilibrium gives
000028 for the frequency of d, and for r
the value is 0.99972; consequently, 2dr is
0.00056. Considering the approximate char-
acter of the incidence and the uncertainty
in the value of the penetrance, these 2 values
for the frequency of men and women with
a heterozygous constitution for spondylitis,
namely, 0.00064 and 0.00056, are in quite
close agreement. In fact, rounding the figures
to the 4th decimal place gives exactly the
same value; that is, about 6 in 10,000 have
a heterozygous genetic constitution for an-
kylosing spondylitis. The gene frequency &
18 50 low that for the present discussion the
probable incidence of homozygous domi-

nants o in the population may be disre-
garded, X

The most plausible, nevertheless still tenta-
tive, conclusion from the analysis of the data
is that ankylosing spondylitis is due to an
autosomal dominant factor that has about
70 per cent penctrance in males and per-
haps about 10 per cent or slightly greater
penetrance in females. This conclusion'ls
quite consistent with the analysis by in-
spection of significant pedigrees, with a nu-
merical test on pooled data and with the es-
timated genc frequency in the population.

In regacd to the difference in penetrance
between males and females, there is a fur-
ther peculiarity that is interesting in itsell
and may become of considerable importance
in the further study of human genetics, es-
pecially if it should prove to be of common
occurrence. It seems that in sibships con-
taining an affected woman there is a stabiliz-
ing effect of the main factor, and penetrance
is higher than the average in such families.
Penetrance was found to be nearly com-
plete in the 3 sibships containing an affected
female in the present series. This seemed to
be of sufficient interest to warrant further
investigation. Further pedigrees, including
women affected with spondylitis, were sought
in the literature and in personal communica-
tion. Care was taken to accept only family
histories in which all the sibs, normal as
well as affected, were described. 15 families
were assembled, including 77 sibs, of whom
37 were reported to be affected. After cor-
rection for families of small size 40.6 = 4
were expected to be affected. These families
showed complete penetrance.

GOUT

Gout long has been recognized as a
genetic disease, but heredity has been ir-
regular, and no definite pattern of heredity
has been recognized. Since gout is associated
with hyperuricemia, and hyperuricemia has
been found to precede clinical gout for many
years, the study of the heredity of gout has
become the study of hereditary or idiopathic
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hyperuricemia. More reliable results were
obtained by using serum uric acid determi-
nation instead of whole blood.

In a family study of the disease,?® includ-
ing 52 index cases, it was found that 2 of
11 mothers, 4 of 23 brothers, 5 of 25 sisters
and 5 of 33 sons had hyperuricemia, al-
though every one of 45 daughters was nor-
mal. In 16 families with an affected father,
only 3 of 27 sons were involved. In 5 fami-
lies with a mother involved, 6 of 11 sons
were hyperuricemic,

Involvement of women with hyper-
uricemia was rare but significant. Of 4 sib-
ships with involved women, a total of 6
were examined and found to be involved. Of
4 brothers of these women, 3 were involved.
9 of the 10 people in these sibships involv-
ing affected women had hyperuricemia.

Study of the families of this series justifies
the conclusion that the genetic peculiarities
of hyperuricemia are mainly the expression
of an autosomal dominant gene that lacks
penetrance in both sexes but with much
lower penetrance in the female than in the
male, or 14 per cent in females, 84 per cent
in males.

The data are consistent with the view that
gouty arthritis may develop in an individual
of either sex who possesses sufficiently ele-
vated serum urate level for sufficient time,
this being less probable in heterozygous fe-
males owing to a lower normal level in
women and to a lessened effect of the patho-
logic gene in this sex, It is shown that the
gene for essential hyperuricemia must be
considerably more common than one would
suspect from the incidence of clinical gout,
and, therefore, homozygotes should be ob-
served occasionally for this gene Plasma
urate levels have been found to be higher in
men than in women. This 1s true of normal
people, of gouty patients and of hyperuri-
cemic relatives of gouty patents. Often,

men who inhented hyperunicemia do not
show it until after puberty. Usually, women
do not show it until after the menopause.
There is some correlation between the dura-

tion and the magnitude of hyperuricemia and
the onset of gout. These factors all help to
explain why clinical gout is so much more
common in men than in women and why the
incidence increases with age.

Recently Wolfson*” advanced a mnew
theory of gout. He believes that the inherited
susceptibility to gout depends upon an ab-
normal male sex hormone from the adrenal
that interferes with uric acid excretion by
the kidney and thereby produces hyperuri-
cemia. These abnormal male sex hormones
produce effects abnormally marked on uric
acid metabolism but normally on mascu-
linity. Attacks of clinical gout depend upon
a second endocrine disturbance, an inability
to produce promptly and in adequate
amounts needed 11-oxysteroids during peri-
ods of stress due to failure of the pituitary to
release adequate amounts of ACTH. This
explains why ACTH is effective in relieving
acute attacks of gouty arthritis.

OSTEOARTHRITIS OF THE HIP

The problem of heredity in joint diseases
of the hip is an extremely complicated one.
This depends upon the fact that osteoar-
thritis of this joint may arise from a variety
of causes and have varying etiologies. Un-
fortunately, in the advanced, or well-devel-
oped, state of osteoarthritis it is difficult or
impossible to recognize these preceding pre-
disposing factors. The causes of ostcoar-
thritis of the hip include previous fracture,
traumatic dislocation and ascptic bone ne-
crosis, all due to injury without relation .to
genetics. Congenital dysplasia of the hlp:
coxa plana, shpped epiphyses and Perthes
disease also are followed occasionally by
arthritis. In each of these discases heredity
has been suspected or demonstrated. Sev-
eral of these conditions may have the same
fundamental hereditary defect, although they
differ in their manifestations as to age of
onset, sex distribution, proportion of uni-
lateral and bilateral involvement. Since these
conditions are not all apparent at birth, are
diagnosed with uncertainty, and only then
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after careful roentgenographic investigation,
and since some of them tend to heal spon-
tancously, family pedigrees show irregular
involvement with wide devintion {rom ex-
pected mendelian proportions. Furthermore,
no convincing fignres have been mscmbl.cd
to show what proportion of patients with
these primary genetic characters develop
osteoarthritis, nor does anyonc know what
proportion of osteoarthritis of the hip de-
pends upon such gcnclic characters,

Graver-Duvernay® states uncquivocably
that arthritis devclops only on pre-existing
deformities of the hip, usually subluxation,
coxa plana or coxa vara. That this is not en-
tirely true is shown by the author’s recent
observation of well-developed osteoarthritis
of 1 hip in a 60-year-old woman who
brought with her a roentgenogram of the
pelvis, taken 5 years earlier, that gave ab-
solutely no sign of pathologic involvement.
There was no recognizable injury or infec-
tion in the interval. Graver-Duvernay quotes
and agrees with Bezagon, M. P. Weil, Calot
and Munk-Jansen, who claim that 50 per
cent of cases of osteoarthritis of the hip are
due to previous congenital deformity.

The outstanding number of hip deformi-
ties in man has been attributed to the large
brain and the wide pelvis of this species.?
The well-known sex difference in size of the
pelvis accounts for the greater frequency of
hip disease in the female. That various anom-
alies are related js shown by the fact that
several occur in the same person such as
coxa vara and coxa plana, coxa plana and
coxa valga, coxa valga and slipped epiphysis,
coxa valga and malum coxae. These defects
often alternated in various members of the
same family, They also alternate with sub-
luxation and congenital hip dysplasia. These
lesions have a regular progression regarding
age of occurrence, that of coxa vara being
from 1 to 3 years, coxa plana from 3 to
10 years, coxa valga from 7 to 13 years,
and malum coxae 14 years and over. The
defective hip joint results from altered

stresses in the head and the neck in a flat-
tened hip socket.

The dysplastic hip is underdeveloped and
tends toward the infantile form.! Its form
is not round but cgg shaped; its position is
a little farther front and lateral. The neck
and the head in intra-uterine life stand in
sagittal position. The fetal form of the pelvis
begins to change at the end of pregnancy.
The socket and the head travel backward
and laterally to the normal position of the
adult. If the fetal form remains in extra-
uterine life, we have a defective hip joint
that docs not grow and becomes a congenital
hip luxation or coxa plana or the like. The
heredity of this fesion and the analogy of the
human embryonal form of the hip to that of
the primates, particularly the gorilla, bespeak
a failure of development.

Wiberg®® selected 50 men and 50 women
between the ages of 20 and 35 with normal
hips and re-examined them Ilater in life.
He found that 19 of these normal hips
had developed osteoarthritis, as proved roent-
genographically. He also saw 5 of 19 cases of
maldeveloped hips that healed spontaneously
and 3 hips normal in childhood that devel-
oped poor acetabula in later life. Sclerosis of
the roof of the acetabula appeared more often
in defective than in normal hips.

Considerable evidence is available that
supports the hereditary nature of diseases
of the hip and the relationship of luxation,
subluxation, dysplasia and Legg-Calvé-
Perthes’ disease. Francillon® quotes a pedi-
gree from Lange which, in 3 generations,
included 2 cases of congenital hip disloca-
tion and 17 other cases of coxa vara, sub-
luxation and arthrosis, coxa deformans or
osteparthritis. In the last, the osteoarthritis
occurred in cases of subluxations that had
been completely without symptoms or nearly
50. Isigkeit noted a hereditary influence in
20.2 per cent of his cases, Scaglietti in 22,7 °
per cent, but Francillon, depending entirely
upon written questionnaires by mail, found
only 6.1 per cent. Isigkeit called the char-
acter a recessive one; von Verschuer and



30 The Genetics of Joint Diseases

Lange, an irregular dominant. It is well known
that incidence varies considerably in differ~
ent races and different geographic localities.

Hass® names at least 10 authors who have
presented pedigrees of hereditary transmis-
sion of congenital hip dislocation. He says
that Vogel noted hereditary effects in 30 per
cent of 200 cases, though direct transmission
from parent to child was found only 6 times.
Poli noted a hereditary influence in 26.32
per cent of 8,610 cases. In Japan, Hayashi
and Matsuoka found it in 14.7 per cent of
1,096 cases, though familial involvement
was recognized in only 3.4 per cent. Faber
found that the latent form of the hereditary
anlage is at least as frequent as the disease
itself, so that even so-called isolated cases
can be hereditary. In 19 isolated cases that
were studied carefully by roentgenograms,
other members of the families invariably
were found with various stages from un-
recognized subluxation to actual dislocation.
The most probable explanation of the he-
reditary manifestation seen is that of van
Hooff, that congenital hip dysplasia is in-
herited as an irregular dominant.

Zinsh* has investigated 43 members in
3 generations of 1 family and found 14 of
them suffering from hip and 5 from knee
disturbances. These findings depend upon a
hereditary defect that s dominant. The pri-
mary disease is a deformation of the epiph-
ysis leading to secondary arthrotic changes.
It affects men primarily, but definitely it is
not sex linked. It is a congenital dysplasia
with luxation

In a recent monograph on Legg-Calvé-

Perthes disease, Gofft states that this con-
stitutes about 15 to 17 per cent of all hip
discase. He states that heredity can be dem-
onstrated i about 20 per cent of cases,
and that it seems to depend upon a recessive
with varying penetrance. There is no evi-
dence of sex linkage or sex influence, yet
there is definite Iinkage because of * Ty
n sex predomnance, body bdf i
incidence and bilaterality and « *

traits These manifest themse?

retardation, particularly of the hip. The
American Indian and the Negro do not seem
to contact the disease.

Riither’* has assembled the eviderice of
familial involvement of slipped epiphyses.
These include 1 instance in twin sisters, 1
of involvement of 3 of 6 siblings, 1 of 2
brothers in a family of 12 children and 2
children in a family of 14. There also were
a father and son. Riither describes a mother
and 2 daughters affected.

At Jeast one attempt has been made o dis-
tinguish osteoarthritis of the hip in the final
stage based on dysplasia or underdevelop-
ment and ostecarthritis of a formerly normal
hip. The difference depends upon the site of
the lesion, If decrease in joint space and con-
densation of joint surfaces occur at the top
of the head of the femur, it indicates that
osteoarthritis is developing in a normally de-
veloped hip. If there is increased distance
between the medial surface of the head and
the floor of the acetabulum, the medial type
is present; the head is being forced out of
the socket, and this indicates disease in an
underdeveloped hip. The author Hermods-
son? admits that this distinction is difficult
or impossible in advanced disease, and that
it is advisable to make decision early in its
development.

There are wide racial and geographic dif-
ferences in congenital dysplasia of the hip
and, consequently, of osteoarthritis of this
jomt. In certain areas of Switzerland, as \YCH
as of Bnttany, the incidence of congcmlz.!]
dysplasia is high; the descendants of immi-
grants who settled there centuries ago hn\fe
remained separate and isolated from their
neighbors, with a high incidence of inbreed-
ing and certain anatomic characteristics. In
both areas congenital dysplasia is associated
with short stature and broad heads. In Swit-

zerland, »” is a high incidence of red
hair.3 Desf ~ described these people
inB.’ “Ticulties, has suggested
that the - or method of pre-
vention i 5 is to advise mar-
riage with T w >
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CONCLUSIONS

This discussion has been limited almost
catirely to a presentation of the results of
various investigations that have been pur-
sucd in the past 15 years, Details about the
literature on the subject, the methods of in-
vestigation, the actual collection of the dat.a,
the computation of the statistics and a dis-
cussion of the conclusions will be found in
the literature cited.

At first glance it may appear that the
study of heredity in joint discase is largely
an academic subject without practical signifi-
cance. The study of Heberden's nodes was
undertaken first because the disease was clear
cut and the diagnosis reliable. Two types of
Heberdens nodes were distinguished, but,
more important, it was demonstrated that
Heberdens’ nodes were an osteoarthritis of
the finger joints alone and not an indication
of a generalized or a crippling disease. Be-
cause of the close association of this dis-
ease with the menopause, it is assumed that
it might be prevented, or at least delayed,
if the hormonal or the chemical effects of
the menopause could be avoided or counter-
acted.

Exact knowledge of the heredity of rheu-
matic fever has emphasized the importance
of prophylactic measures against strepto-
coccal infections in those who are suscep-
tible. It is possible that a similar procedure
may be developed in the future for the pro-
phylaxis of rheumatoid arthritis.

The knowledge that ankylosing spondylitis
runs in families has prompted some alert
theumatologists to investigate the brothers
of patients by roentgenographic examination
and the early identification of additional
cases. By investigating the brothers of gouty
patients, those susceptible have been iden-
ufied. This has the distinct advantage of
ensuring prompt and accurate diagnosis of
gout when an acute arthritis occurs.

Tt is hoped that accurate diagnosis and
prompt treatment of dysplasia of the hip will
reduce the incidence of ostecarthritis of
the hip in middle or late life.

While great progress has been made al-
ready in the ficld of human genetics, it is
hoped that continucd attention to this type
of investigation will lcad to further exact
knowledge about different diseases, with re-
sultant benefit to the patient.
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Lange, an irregular dominant. It is well known
that incidence varies considerably in differ-
ent races and different geographic localities.

Hass® names at least 10 authors who have
presented pedigrees of hereditary transmis-
sion of congenital hip dislocation. He says
that Vogel noted hereditary effects in 30 per
cent of 200 cases, though direct transmission
from parent to child was found only 6 times.
Poli noted a hereditary influence in 26.32
per cent of 8,610 cases. In Japan, Hayashi
and Matsucka found it in 14.7 per cent of
1,096 cases, though familial involvement
was recognized in only 3.4 per cent. Faber
found that the latent form of the hereditary
anlage is at least as frequent as the disease
itself, so that even so-called isolated cases
can be hereditary. In 19 isolated cases that
were studied carefully by roentgenograms,
other members of the families invariably
were found with various stages from un-
recognized subluxation to actual dislocation.
The most probable explanation of the he-
reditary manifestation seen is that of van
Hooff, that congenital hip dysplasia is in-
herited as an irregular dominant,

Zinsl** has investigated 43 members in
3 generations of 1 family and found 14 of
them suffering from hip and 5 from knee
disturbances These findings depend upon a
hereditary defect that js dominant. The pri-
mary disease is a deformation of the epiph-
ysis leading to secondary arthrotic gt

retardation, particularly of the hip. The
American Indian and the Negro do not seem
to contact the disease.

Riither'* has assembled the evidence of
familial involvement of slipped epiphyses.
These include 1 instance in twin sisters, 1
of involvement of 3 of 6 siblings, 1 of 2
brothers in a family of 12 children and 2
children in a family of 14. There also were
a father and son, Riither describes a mother
and 2 daughters affected.

At least one attempt has been made to dis-
tinguish osteoarthritis of the hip in the final
stage based on dysplasia or underdevelop-
ment and osteoarthritis of a formerly normal
hip. The difference depends upon the site of
the lesion. If decrease in joint space and con-
densation of joint surfaces occur at the top
of the head of the femur, it indicates that
osteoarthritis is developing in a normally de-
veloped hip. If there is increased distance
between the medial surface of the head and
the floor of the acetabulum, the medial type
is present; the head is being forced out of
the socket, and this indicates disease in an
underdeveloped hip. The author Hermods-
son? admits that this distinction is difficult
or impossible in advanced disease, and that
it is advisable to make decision early in its
development,

There are wide racial and geographic dif-
ferences in congenital dysplasia of the hip
and, cc ly, of osteoarthritis of this

It affects men primarily, but definitely it is
not sex linked. It is a congenital dysplasia
with luxation

In a recent monograph on Legg-Calvé-
Perthes disease, Gofft states that this con-
stitutes about 15 to 17 per cent of all hip
disease. He states that heredity can be dem-
onstrated in about 20 per cent of cases,
and that it scems to depend upon a recessive
with varying penctrance. There is no evi-
dence of sex linkage or sex influence, yet
there is definite linkage because of similarity
1n sex predomunance, body build, age of
mcidence and bilaterality and other complex
traits These manifest themselves in growth

joint. In certain areas of Switzerland, as \\.'ell
as of Brittany, the incidence of cong.cmt:..l
dysplasia is high; the descendants of immi-
grants who settled there centuries ago ha\fe
remained separate and isolated fro'm their
neighbors, with a high incidence of inbreed-
ing and certain anatomic characteristics. In
both areas congenital dysplasia is associated
with short stature and broad heads. In Swit-
zerland, there also is a high incidence of red
hair.3 Desse,? who has described these people
in Brittany and their difficulties, has suggested
that the best treatment or method of pre-
vention of hip deformities is to advi‘sc mar-
riage with people of different constitutions.
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CONCLUSIONS

This discussion has been limited almost
entircly to a presentation of the results of
various investigations that have been pur-
sued in the past 15 years. Details about the
literature on the subject, the methods of in-
vestigation, the actual collection of the data,
the computation of the statistics and a dis-
cussion of the conclusions will be found in
the literature cited.

At first glance it may appear that the
study of heredity in joint discase is largely
an academic subject without practical signifi-
cance. The study of Heberden's nodes was
undertaken first because the disease was clear
cut and the diagnosis reliable. Two types of
Heberden’s nodes were distinguished, but,
more important, it was demonstrated that
Heberdens’ nodes were an osteoarthritis of
the finger joints alone and not an indication
of a generalized or a crippling disease. Be-
cause of the close association of this dis-
ease with the menopause, it is assumed that
it might be prevented, or at least delayed,
if the hormonal or the chemical effects of
the menopause could be avoided or counter-
acted.

Exact knowledge of the heredity of rheu-
matic fever has emphasized the importance
of prophylactic measures against strepto-
coccal infections in those who are suscep-
tible. It is possible that a similar procedure
may be developed in the future for the pro-
phylaxis of rheumatoid arthritis,

The knowledge that ankylosing spondylitis
runs in families has prompted some alert
rheumatologists to investigate the brothers
of patients by roentgenographic examination

While great progress has been madc. 'xl
ready in the ficld of human genetics, it is
hoped that continued attention to this type
of investigation will Jead to further exact
knowledge about different discases, with re-
sultant benefit to the patient.
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Genetica del Morbos Articular

Summario in Interlingua

Es discutite le genetica de plure differente
morbos articular. A causa de lor differentias
quanto a etate del patiente al tempore del
declaration del morbo, a distribution sexual,
al articulationes afficite per illos, al curso
clinic, € al prognosis, illos debe esser consid-
erate como entitates distincte que require dis-
cussiones separate,

Le nodos de Heberden o osteoarthritis
del articulationes digital es sexualmente in-
fluentiate: dominante 1n feminas e recessive
in homines. Le declaration es apparente-
mente relationate al menopause, € le pene-
tration es complete in le octave decennio
del vita, Le frequentia genic monstra af-
fection homozygotic de 3 pro cento € hetero-
zygotic de 27 pro cento.

Febre rheumatic resulta de infection strep-
tococcal in individuos susceptible. Le sus-
ceptibilitate es heredutabile como tracta re-

cessive mendelian; circa 3 pro cento del
population es afficite. Le morbo mesme re-
sulta de un intense reaction immunologic.

Arthritis rh vide es app t
hereditabile como tracto autosomal a factor
unic; 1,2 pro cento del population es ge-
neticamente susceptibile, e un medtetate de
iste procentage es afficite.

Spondylitis ankylopoietic es apparente-
mente hereditabile como tracto autosomal
unic con frequentia genic d¢ susceptibilitate
amountante a 6 per dece milles in le popu-
lation total e penetration in 70 pro cento del
homines ¢ 10 pro cento del feminas. In
fraternos de feminas afficite, le penctration
es aflicite de manjera a attinger 100 pro
cento in homines ¢ feminas,

Le gutta depende de un hyperuricemia
que es hereditabile como gen dominante
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autosomal con penctration de 84 pro cento
in homines ¢ 14 pro cento in feminas, Idio-
pathic hyperuricemia depende de un anor-
mal hormon sexual que disturba le excretion
de acido uric. Attaccos de gutta clinic de-
pende de un anormalitate additional, ic.
le incapacitate dc producer promptemente
¢ in quantitates adequate le 11-oxysteroides
requiritc in periodos de stress. Le ration es

que I glandula pituitari non emitte adequate
quantitates del droga.

Osteoarthritis del coxa sc disveloppa usu-
almente in un articulation ledite o subdis-
veloppate. Multes de iste imperfectiones de-
pende de conditions que cs gencticamente
determinate. Tal conditiones ¢s dysplasia
congenite, morbo de Legg-Calvé-Perthes,
coxas plan, ¢ cpiphyses dislocate.
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Estimation of Mutation Rates in Man

J. N. SPUHLER, PH.D.*

Each of the several thousand genes exist-
ing today jn a human individual probably
has remained constant in its biophysical
make-up for several thousands of years. Di-
rect empiric evidence in support of this state-
ment is of course rare. Perhaps the longest
documented period of stability for a known
human gene is the case of transmission
through 14 generations (starting A.D. 1390)
of a dominant gene for symphalangism of
the first and the second fingers in an English
kindred described by Drinkwater (1917).
Analogy from experimental animals and
plants as well as genetic theory supports an
assumption of the general stability of genes.
As the normal human organism grows and
reproduces through processes of growth, di-
vision and fusion of cells, each gene must,
in general, reproduce repeatedly its own fine
structure in an exact manner. Sometimes,
however, a daughter gene is not an exact
duplicate of its mother gene and as a result
of this “mutation™ a new type of gene comes
into being. Such new mutant genes have a
different effect on the development of the
organism, and they are capable of repro-
ducing their own new fine structure. The
combined properties of stability (exact self-
reduplication) and mutability (self-redupli-
cation after the new type) of genes make
possible the existence of hereditary varia-
bility.

In this paper the author has a triple pur-
pose. (1) to give a brief account of mutation

* Department of Human Genetics, University of
Michigan Medical School.
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and of certain methods for estimation of
mutation rates in man, (2) to give a tabular
summary of some of the available estimates,
and (3) to mention the prospects for fu-
ture research on mutation and mutation rates
in man, using material of interest to ortho-
paedic surgery and others interested in in-
herited variations of the bones and the joints.

Mutation refers to the appearance of a
trait, subsequently inherited, in an individual
whose ancestors did not possess the trait,
The first phenotypical appearance of the
trait may not follow immediately upon the
origin by mutation of the new allele. If the
new allele is an autosomal or sex-linked
dominant with full penetrance, then the first
phenotypical expression of the gene will be
in the generation immediately following the
event of mutation. If the new allele is an
autosomal recessive, the first phenotypical
expression of the gene may be separated by
several generations from the mutation event,
the gene being carried in a heterozygous
state. If the new allele is a sex-linked re-
cessive it may be carried without pheno-
typical expression for several generations in
heterozygous females but woulfi be expressed
phenotypically at once in hemizygous males.

For the purposes of this paper we shall
consider only the macroscopic, phenotypical
results of mutation and not the submicro-
scopic, physiochcmical events which happen
when a gene mutates. Actually, the latter
are not established in detail (see, for ex-~
ample, Goldschmidt 1955). However, enough
is known on the phenotypical level to allow
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some insight into mutation as a factor in
discase and certain malformations (see Neel
& Schull 1954, Sorsby 1953).

Mutation may be regarded as a change in
pattern of the atoms, the clectrons and the
cnergy-quanta in or near the gene in ques-
tion. These events arc of sufficiently small
scale so that once gene in a cell may mutate
while the thousands of other genes in the
same cell remain unchanged. Mutation may
be induced by ionizing radiation which
reaches the gonads. Al types of ionizing
radiation are effective—x-rays, alpha, beta,
gamma and cosmic rays, ncutrons, ctc.—
whether from sources internal or external
to the body. Other mutagenic agents, for
example temperature and chemical shocks,
are hnown. Mutation tends to change genes
in a limited number of ways, some of which
are recurrent, and this allows us to speak of
the rate of mutation of a given gene. When
a given gene mutates in a number of dif-
ferent ways multiple alleles are formed (for
example, the 3 alleles for the 4 classical
ABO blood groups).

Mutations may occur in embryonic or
adult stages and in germinal or somatic tis-
sues, but, of course, only germinal mutations
are inherited. Fundamental (e.g., agenesis
of the notochord) or superficial (extra hair
on the ears) changes may be produced. In
general, the greater the change the greater
the disadvantage to the organism in a stand-
ard environment and—in the absence of
therapy—the less the survival value in that
environment. Cases are known where highly
similar mutations occur in what somewhat
loosely may be termed homologous genes
of related  species. For example, clinical
hemophilia determined by a gene located in
the nonhomologous part of the X-chromo-
some is known in man, dogs and horses.
Achondroplasia (chondrodystrophy) is re-

ported for man, Dexter cattle, chickens and
rabbits. Also, different nonhomologous genes
may mutate to produce highly similar pheno-
typical effects (compare, for example, hemo-
Phila and Christmas disease in man).

In fruit flies (Drosophila sp.) the cffect of
mutation produced most frequently is the
semilethal and the deleterious, the ratio of
visibles : lethals : semilethals and deleterious
being about 1:15:20. Mutant genes act to kill
the organism, often in carly stages in the life
cycle. When not lethal, mutations are often
deleterious, the action of the mutant gene
tending to harm rather than to help organic
function in the standard range of cnviron-
ments. In any highly complex entity like a
gene (whose lincage must be supposed to
have survived a long serics of recurrent
mutations in the larger gene pool), the vast
majority of random changes in fine struc-
turc would be expected to have a low sur-
vival value. Beneficial mutations should be
expected to occur very rarely. A large pro-
portion of new gene mutations do not sur-
vive to the next generation, Most (but not
all, as we shall see below) mutant genes are
recessive to their parent allele; such recessive
genes are not manifest in the phenotype un-
less gametes from two individuals with the
same (in a functional sense) mutant genes
fuse to form a homozygote. Thus many mu-
tant genes are lost from the population be-
fore they are shown phenotypically.

In human breeding populations there are
4 processes that change the frequency of
genes: mutation; gene flow, or introduction
from outside through migration; selection;
and genetic drift. Taken together, these 4
processes are so defined that they give an
exhaustive list of the immediate, systemic
modes of change in gene frequency. In what
follows we shall be concerned with so-called
“point mutations” of genes and not with
“mutations” which may result from grosser
sorts of chromosomal aberration. A mutant
1s an individual carrying a mutated gene.
Mutation rate will refer to the rate of muta-
tion per gene per generation,

. In a number of ways mutation and selec-
tion are conceptually kindred processes. We
sometimes use knowledge about selection
rates to infer knowledge about mutation
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The equilibrium condition is
c (1 — Hx

Following a point of view reported by
Krooth (1953), we may illustrate the cal-
culations by considering the mutation rate
for achondroplasia, an autosomal dominant
inherited chondrodystrophy. Achondroplasia
is sufficiently rare that we can assume that
x is small; that all or nearly all cases are
heterozygotes; and that we can jgnore mat-
ings of abnormal with abnormal. Assume
there are N normal individuals in the popula-
tion and a small fraction of these, B, marry
achondroplasics. If the normals have on the
average b offspring in the next generation,
then the number of children in the next gen-
eration from normal X normal matings will
be Y2 (N — B)b of whom u(N — B)b will
be achondroplasics and (I — 2u)V2 (N —
B)b will be normal. There are approxi-
mately Nx achondroplasics in the population
and these are parents of Nxbf children (as
also are the B normals who marry achon-
droplasics) of which Nxbf/2 will be achon-
droplasic and Nxbf/2 will be normal. Thus
if the population is in equilibrium the fre-
quency of achondroplasia in the next gen-
eration will be:

Nxbj/2 + u(N — B)b

Nxbf + V2(N — B)b

Yexf + w(l — B/N) _ x

xf 4+ % (1 — B/NY —
On the assumption that x 1s small, that mat-
ings between abnormals are very rare, that
there are A'x achondroplasics, that f<1, that
u is small, that B/N 1s of the same order as
x, we can approximate the above formula by

(V2 xf + u)/V2 = x
or, in terms of mutation rate for an auto-
somal domnant (¢ = 12),
u = %% — fHix
Vialues of ¢ for certamn other modes of in-
heritance together with formulas for « are:

Sex linked recessive,
c=Tu=14(1—f)x

n =

Sex linked dominant,
=% e =30 —x
Holandric (Y-borne),
c=Lu=(1— [l

A classic genetic study by Mprch (1941)
of achondroplasic dwarfs is perhaps the best
known—but not the most accurate—ma-
terial on mutation rates in man (see Haldane
1948, Neel 1952, Popham 1953, Krooth
1953, Neel and Schull 1954, Nachtsheim
1954, and Vogel 1954a). The sample col-
lected by Mgrch in Denmark included 10
achondroplasic babies born out of a total of
94,075 births over a 30-year period in the
Rigshospital in Copenhagen. Although in-
fants with this condition are subject to high
mortality rates, the adult dwarfs are often
vigorous and sometimes reproduce. The total
Danish sample of 108 achondroplasics re-
corded by Mgrch had a total of 27 offspring.
Inspection of pedigrees shows that the cases
under consideration were inherited as an
autosomal dominant with high penetrance
and rather constant expression. Stevens re-
ported a similar mode of inhertance for
this condition in an extensive family study
made in Utah; however, a few families show-
ing recesstve modes of inheritance have been
described (Falls 1953). Sporadic cases
where both parents and all known ancestors
have normal skeletal development are rela-
tively common compared with famulial cases
where usually only one parent of the dwarf
child is achondroplasic.

In order to estmate the mutation rate for
an autosomal dominant condition like
achondroplasia by the direct method we first
need to obtain an incidence estimate, s/t
the ratio of sporadic (i.e., nonfamuhal cases,
by hypothesis newly mutant) cases to total
cases. § of the 10 cases i the 30-year
Rigshospital ssmple were sporadic. Thus by
the direct method the mutation rate js

« = Y4 (8/94,073) = 0.0000425, or,

4.25 x 10~

In the indirect method we use the total
(sporadic plus familial) incidence which is
10/94,075 in the hospital sample. The rela-
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tive reproductive fitness, f, of achondroplas-
ics may be obtained from Mgreh's data for
the larger Danish sample. Since the 108
dwarfs had 27 children while their 457 nor-
mal siblings had a total of 582 children,

f = (27/108)/(582/457) = 0.1963
(sce below for a bias inherent in this method
of estimating ) and by the indircct method
the mutation rate is

u=%(1 — 0.1963) (10/94,075) =

427 x 107

It should be noted that the incidence figure
used in the direct method (8/94,073) is very
close to that used in the indirect method
(10/94,075) which accounts in part for
the good agreement in the rate estimates
obtained from the two methods.

Before considering some of the assump-
tions presupposed by use of the methods
outlined above, attention should be called to
some other methods for estimation of mu-
tation rates in man which cannot be re-
viewed here. Neel and his associates (1949)
have used data on the frequency of recessive
traits in populations where the mean popu-
lation coefficient of inbreeding is known with
some accuracy to estimate the rate of mu-
tation to recessive genes. Dahlberg (1948)
suggested a modification of the persistence
method of Danforth based on ascertainment
of the number of ancestors manifesting a
given trait Lenz (1952) suggested a modi-
fication of the direct method which (if suita-
ble data were available) could provide es-
timates of the mutation rate to sex-linked
recessive lethals in man.

Use of both methods outlined here as-
sumes that the phenotypical variation ob-
served can be attributed to simple, known
modes of inheritance where the genes in
question occupy a single chromosomal locus,
If several loci are involved in the production
m what is taken to be a single clmical or
phenotypical entity, the estimated rate will
be too high Unfortunately, unless informa-
tion 15 available on crosses between the dif-
ferent family lines or populations of interest

in a particular investigation we have no
good criterion to cstablish genctic hom(.)-
gencity (a difliculty, for cxample, in genetic
studies of progressive muscular dystrophy).
Also, it is often difficult to distinguish spo-
radic cases duec to environmental factors
(phenocopics) from those due to gene muta-
tions, especially in dominant characters with
strong negative sclection values (for ex-
ample, in achondroplasia, or in retino-
blastoma). And, in discascs like retinoblas-
toma which often occur unilaterally, it is
difficult (unless there are offspring) to dis-
tinguish germinal mutation with tack of man-
ifestation on one side from somatic muta-
tion on one side only. Difliculties of these
sorts make for overestimation of mutation
rates, Further, direct methods assume that
all sporadic cases are newly mutant—an
assumption apt to be false unless there is
strong selection against the trait, or the trait
is very rare. Finally, if the sporadic cases
are few compared with total cases, iflegiti-
macy may be an important source of error
leading to overestimation of mutation rates.
Back mutation is ignored in both methods
outlined here. For rare characters, neglect
of back mutation probably does not lead to
serfous error but it may do so in traits (like
the Rhesus blood factors, see Vogel 1954b)
which are relatively common in most popu-
lations in Europe and the United States.
The indirect method assumes population
equilibrium between mutation and selection,
that is, that the gene frequencies do not
change from generation to generation. This
assumption is especially dangerous in con-
ditions like the Rh blood factors, where there
is selection against heterozygotes (see Hal-
dane 1935, Goodman and Reed 1952).
Lack of full penetrance is not a source
of error in the indirect method if we can
assume correctly that the heterozygous car-
rier (in whom the gene is not manifest) has
a selective value not different from the nor-
mal homozygme. This is not true for the
Fhrect method, but the error introduced by
incomplete penetrance is not serious if the
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undercount of mutants in the offspring gen-
eration is balanced by an overcount of an
approximately equal number of mutant genes
which are not penetrant in the parental gen-
eration. A procedure to correct for incom-
plete penetrance has been suggested by Vo-
gel (1954a),

Special difficulties attach to the problem
of estimating relative fitness, f, except when
the value of f is considerably less than unity:
for example, if none of the affected individ-
vals reproduce, f = 0. If fertility is inherited,
a bias is introduced when estimates of rela-
tive fertility of affecteds are made by pooling
sibships of different sizes. As an illustration,
achondroplasia js sporadic in about 80 per
cent of cases, In such a sporadic condition
a sibship of size 10 will contribute 1 com-
paratively fertile affected and 9 fertile un-
affected, while a sibship of size 2 will con-
tribute 1 comparatively infertile affected and
only 1 comparatively infertile unaffected
(Krooth 1953). Special methods for the
use of the fertilities of affected individuals
and their unaffected sibs in the estimation of
fitness have been developed by Krooth
(1955) who (1952) also discussed pro-
cedures for the measurement of the fertility
of parents who are ascertained through their
children,

Incomplete location of cases which ac-
tually occur in the population, early death
of selected genotypes before ascertainment,
and improper diagnosis may lead to under-
estimation of mutation rates. For a fuller
discussion of these and related problems see
Neel and Schull 1954, Neel 1952, 1954, and
Vogel 1954a, especially pp. 328-334.

Data on spontanecus mutation rates for
26 characters are given on page 41. A dis-
tinction is made between dominant, recessive
and incomplete recessive modes of inheri-
tance because, as shown above, each pre-
sents distinctive theoretical problems, given
the present state of knowledge, jn estima-
ton of mutation rates. In some part, the
distinctions may be artificial and reflect in-

differences. It is arbitrary whether “incom-
plete recessives” are called by that term or
by “incomplete dominants.” Many human
genes once considered to be completely re-
cessive are now known to have some effect
in the heterozygous condition (Neel and
Schull 1954, pp. 78-83).

Information on a few published estimates
has been excluded from the table either (1)
because the mode of inheritance is not well

blished, or (2) available information
does not permit proper use of available
methods. For example, Haldane’s “Porcu-
pine men” (1948)—which, if one will al-
low high speculation, is the lowest mutation
rate (10-'°) thus far suggested for man—
and Kemp’s “dominant Mongolism” (1944)
—which, with an equal degree of specula-
tion, is the highest rate—are excluded for
the first reason. Mongohsm has an incidence
in the English population of at least 1.5 X
10 (Carter and MacCarthy 1951) which,
by the direct method, would give a mutation
rate of the order 10-%

In general, it would seem that the avail-
able estimates of spontaneous mutation rates
in man are more likely to represent over-
estimates than the opposite. The rough
agreement in the several estimates for dif-
ferent characters where the basic conditions
for application of the method used arc satis-
fied approximately gives some ground for
supposing that they are of the right order
of magnitude. On theoretical grounds we
should expect some differcnce in rates in
different populations, especially if ther en-
vironments are diwverse. Muller (1954, p.
11) has speculated that human populations
living on the high plateaus of Bolivia and
Tibet receive an additional 5 r. per repro-
ductive generation from cosmic radiation,
an amount of radiation sufficient to bring
about an increase in mutation rate of about
6 per cent.

As Muller (1954) has suggested, it would
be possible to make independent checks on
some of the available estimates of spon-
rates in man through

complete knowledge rather than fund !



SponTANEOUS MuTaTion Rates (PrrR GENE PER GENCRATION) IN MAN

MUTANT GI'NLS

muscular dystrophy

Maximal esumates are marked with an asterisk (*).
(Modified, with additions, from Neel & Schull 1954, and Nachtsheim 1954 )

No. CHARACTLR PoruLaTiON PLR MILLION AUTHORS
GAMLTLS
AuTosoMAL DOMINANTS
1 Epiloia England 8-12 Pcnrosc_ '36
2a  Chondrodystrophy Deamark 43 Ms!rcl: 41
2b  Chondrodystrophy Sweden 70 B’ook 5:’.
2¢  Chondrodystrophy Denmark 200  Krooth’53
(mothers over 40 years) L
2d Chondrodystrophy Deamark 10 Slatis °55 .
3a  Pegler'snuclearanomaly Germany, inter al. 100 Pitau & b'lac'htshclm 36
3b  Pegler'snuclearanomaly Germany, inter al. 27 Nachtsheim ,53
4 Aniridia Denmark 12 Mglienbach 47 ,
5a  Retinoblastoma Engln'nd 14 Philip & Sors}:y 44
5b  Retinoblastoma Michigan 23 Neel &'Falls 51
5¢  Retinoblastoma Germany 4  Vogel'54
6  Waardenburg'ssyndrome Holland 4 Waardenburg ‘51
7  Syndactyly United States 167* Danforth "23
8a Palmaris longus muscle  United States (whites) 32* Danforth 23
8b  Palmaris longus muscle United States (Negroes) 7* Danforth23
9  Lobster claw England 0.1  Haldane 48
10 Neurofibromatosis Michigan 100 Crowe, Schull & Neel '55
11 Multiple polyposis colon  Michigan 10-30 T.E. Reed & Nee! ’55
AUTOSOMAL RECESSIVES
12 Microphthalmos & Sweden 10-20  Sjogren & Larsson 49
anophthalmos
13 Albinism Japan 28  Neeletal. 49
14 Total colorblindness Japan 28  Neeletal. 49
15 Infantile amaurotic Japan 11 Neeletal. '49
idiocy
16 Ichthyosis congenita Japan 11 Neeletal. 49
17 Cystic fibrosis pancreas  Minnesota 700-1000  Goodman & S. C. Reed '52
18  Epidermolysis bullosa Sweden 50 Book's2
19 Amyotonia congenita Sweden 20 Bodk'52
20  Microcephaly Japan 22-76  Komai’54
21a  Rhesus blood factor Minnesota 510 Goodman & S. C. Reed *52
216 Rhesus blood factor Minnesota 840  Vogel’54b
22 Schizophrenia Sweden 50007 Bs5k 'S3
INCOMPLETE AUTOSOMAL RECESSIVES
23 Thalassemia Slcily 400  Neel & Valentine "47
24 Sickle cell trait Belgian Congo 1700*  Vandepitte et al. ’55
SEX-LINKED RECESSIVES
25a  Hemophiha England 20 Haldane '35, *48
25b Hemophilia Denmark 32 Andreassen 43
26a  Pseudohypertrophic Utah 100 Stephens & Tyler '51
muscular dystrophy
26b  Pseudohypertrophic North Ireland 40-60  Stevenson '53
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studies of linkage of the genes in question
with common marker genes such as those
controlling the red blood cell antigens.

Known, spontaneous mutation rates per
gene per generation in man tend to center
about 1 in 50,000 in the more reliable es-
timates, although rates as high as about 1
in 10,000 are as firmly established as any
of the better estimates. Study of a phenom-
€non as rare as spontaneous mutation in
man requires examination of samples much
larger than those usually investigated in the
medical and human-biologic sciences. Often
it is possible to make good use of records
collected for other purposes. It is not an ac-
cident, nor is it self-interest alone, that
we know more about spontaneous mutation
rates in man than in any other vertebrate,
including the laboratory mouse. Hundreds
of thousands of human individuals are given
medical examinations each year, and a largs
volume of results of such examinations are
preserved and made available for study. In
many cases a relatively small amount of ad-
ditional information would increase greatly
the value of the conventional medical his-
tory for genetic investigations. Accurate in-
formation on the distrbution of hereditary
traits in the parents, the siblings and the
children of observed individuals 1s especially
needed.

In their routine affairs, climeal ortho-
paedists may see many cases whose etiology
cannot be understood adequately without
reference to the genetic factor. Also, ortho-
paedssts are in a favorable position to add
much new information to present knowiedge
of the genetics of congenital and other mal-
formations There is a very wide range of
heredntary variation, both normal and abnor-
mal, 1n the human sheleton. Although
knowsn, inhented vananons of the muscular
system are hmuted to about half a dozen
well-established traits, more hereditary varn-
ations of the bonc and the joint systems are
known than for any other part of the hu-
man body with the exception of the eye and
the skin (Falls 1953) Of the large number

of possible studies of mutation rates for
genes concerned with the muscles, the joints
and the bones, only 8 have been carried
out. The prospects for important work in
this area in the future are good.
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Estimation del Proratas de Mutation in le Homine

Summario in Interlingua

Sequente un breve revista del mutation in
general, es delineate duo methodos de esti-
mar le proratas de mutation spontanee in le
homine per gen per generation. In le meth-
odo directe le prorata de mutation, u, es
obtemte per u = c(s/t), e in le methodo
indirecte per u = c{l — f)x, ubi ¢ es un
constante pro le modo de hereditate (= %
pro le dommnantes autosomal), s es le nu-
mero total de casos sporadic, e ¢ es le nu-
mero total de nascentias in un date popula-
tion e un date periodo de tempore, fesle
relative validessa physic de un individuo con
un tracto d ute, ¢ x es le frequentia del
tracto al nascentia in le population. Ex-
emplos numeric del duo methodos es pres-
entate. In isto le datos de Mgrch super
achondroplasia in Danmark es usate. Es bre-

vemente discutite alicun premissas necessari
pro le correcte application del duo methodos.

Es facite un presentation tabular de 36
studios super le proratas de mutation spon-
tanee de 26 genes. Le estimationes le plus
firmemente establit se trova inter 1 per
10.000 e 1 per 50 000 mutationes per gen
per generation reproductive.

Con le exception del oculo ¢ del derma,
un plus grande numero de variationes he-
reditari es cognoscite pro le systemas ossee
e articular que pro ulle altere parte del cor-
pore human, sed solmente octo studios ha
essite executate in re le Proratas de mutation
de genes que concerne le musculos, le articu-
los, e le 0ss0s. Le prospectos de importante
labores futur in iste campo es bon.



Examination of the Possibility That Certain
Skeletal Characters Predispose to Defects
in the Lumbar Neural Arches

T.D. STEWART, M.D.*

THE PROBLEM

The extraordinarily high incidence of lum-
bar neural arch defects found in the skele-
tons of Alaskan natives (Eskimos and Ale-
uts)—a figure that ranges from approxi-
mately 15 to 50 per cent, according to geo-
graphic area-—offers a unique opportunity
for study of the etiology of these abnormal-
ities.’ In a recent paper based on materjal
from these sources preserved in the United
States National Museum, the author!2 showed
that the progressive increase in arch defects
from early childhood to maturity, together
with the accompanying spreading segmental
involvement, necessitated abandonment of
the view—then held widely—that the defects
were hereditary. The substitute explanation
advanced by the author was based Jargely on
some unusual postures commonly assumed by
the Alaskan natives, which put extra strain
on the low back and ultimately on the partes
interarticulares of the lower Iumbar verte-
brae. He felt that long-continued strain at
these points could lead to local deossifica-
tion, ending in fatigue fractures or in acci-
dental fractures from falls on ice.

Such an explanation of the neural arch
defects in this particular racial group, which
denies heredity and places the cause on en-
vironmental factors acting through the me-

*Washimngton, D. C.

chanics of the body, ignores the possibility
that predisposing hereditary factors may ex-
ist within the body, and especially in the
skeleton, In other words, is it possible that
heredity, in the form of skeletal anomalies,
still plays an important, though indirect, role
among Alaskan natives in causing the de-
fects? The need to answer this question led
the author to undertake the present study
as a sequel to his earlier publication.

RESEARCH MODEL

The plan of this study has involved the
re-examination of much of the same ma-
terial used earlier in order to set up 2 com-
parable series of skeletons, 1 with neural
arch defects, 1 without. In the new examina-
tion the following additional observations
were recorded: (1) vertebral formula; (2)
nature of transitional lumbosacral vertebra
when present (including type of articulation
with sacrum, status of fusion and inclination
of anterior surface with that of 8-1); (3)
type of sacrum (hypobasal or homabasal);
(4) di jons of sacrum (including maxi-
mum width, transverse and anteroposterior
diameters of the superior surface of the 1st
centrum, maximum and minimum distances
between the superior articular facets of §-1,
depth and curvature of the same facets,
angle of the superior surface of the Ist
sacral centrum with vertical, and angle be-
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tween superior and anterior sucfaces of S-1)3
and (5) dimensions of the last 3 lumbar
vertebrac (particularly the vertical distance
between the tips of the articular facets and
the anterior and the posterior heights of the
centra in the mid-line). Explanation of the
methods used in making these obscrvations
will be deferred until the obscrvations are
discussed individually.

As will be seen, these observations are
limited to the Jumbosacral region. The se-
lection was arrived at after considerable
thought and scems to represent the main
skeletal characters involved in low back

stresses.  Although all thesc observations
have been analyzed, limitations of spacc will
permit reporting in detail only thosc bearing
most directly on such important variations
as sacral inclination, lumbosacral curvature
and lumbosacral articulation. Of course, it
must be borne in mind that the observations
have been made on dried and disarticulated
skeletons. It docs not follow that the posi-
tioning of the bones during obscrvation was
the same as cxisted in life. However, it may
be remarked that, considering the limitations
of both gross osteologic and roentgenologic
examinations, this study has a bearing on the

Tastr 1. GEOGRAPHIC DISTRIBUTION IN THE MATCHED SERIES

MaLes

LocauiTy
Defects

Without

Defects

FEMALES

Without
Arch
Defects

With
Arch
Defects

Arch

North of Yukon:
Point Hope .
Metlatavik .
Wales ..........
St. Lawrence Island . ...
Kowieruk
Port Clarence ...,
Rocky Point ...
Golofmn Bay
Norton Bay .
Unalakleet ........ .
St. Michael’s Island ...
Pastolik

Yukon and South:
Lower Yukon ... .. .
Hooper Bay
Nunwak Island ..., .
Kuskokwim River ...
Bristol Bay .

Aleutrans and Kodiak:
Kagamil Island
Umnak Island .. .
Kodiak Island ..., . ...
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subject of predicting low back troubles, as
in pre-employment examinations,

COMPARISONS OF MATCHED SERIES

In order to limit selection in setting up
the series of skeletons for comparison, all
cases of adults with arch defects were ex-
amined in the order in which they had been
received and catalogued by the museum.
Since many specimens had to be eliminated
owing to damage or absence of critical parts,
and since females have fewer arch defects
than males, only 45 females with arch de-
fects were found to be usable for the present
purpose. Accordingly, the male series was
himited also to 45—the first 45 examined.
Next, the examination was begun in the
same way for the cases without arch defects.

The male series of 45 thus obtained required
no adjustment in order to make it geo-
graphically comparable with the other male
series; the 2nd female series did require some
adjustment. However, the adjustment in the
females was muade solely on the basis of
geography and without knowledge of the
skeletal characters under consideration.*
Table 1 shows that the final series compare
reasonably well so far as geographic sources
are concerned.

The distribution of ages in the matched
series is not so easy to determine, because
skeletal age cannot be estimated with cer-

*The adjt d of ing 17 cases
derived from the Lower Yukon and replacing them
with an equal number from the other 2 main

regions: 5 from Rocky Point and St, Lawrence
Island, and 12 from Kodiak and Kagamil Islands

Fic 1. Two examples of collapsed centru

m. (Left) L-1, male Eskimo from Nunivi-xk
V ¥ - te Eskimo from St. Lawrence Is-
Island (US.NM No 339.260). (Right) T-11, female Eski m St Lavrence o

land (USNM No 345051) Both probably are in the age range
arch defects present
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tainty after epiphyscal union is completed.
For this rcason, and following my previous
practice,’* 1 show in Table 2 the ages ex-
pressed in terms of amount of hypertrophic
arthritis present. In general, this table shows
the series to be fairly well balanced chron-
ologically, with the males showing, if any-
thing, a little more arthritis than the females.

Of somewhat incidental interest is the
distribution of arch defects according to sex
in the scries obtained under these condi-
tions of sclection. Table 3, in which a de-
tailed distributional analysis is presented,
shows clearly that sex per se is not a factor
in determining the type of defect.

Also of incidental interest is the distribu-
tion of pathologically deformed vertebral
centra throughout the spines used in this
study. I refer here to cases in which the an-
terior height is more or less reduced in one
or more centra (Fig, 1). Some of these cases

probably represent compression  fractures,
whereas others possibly wese caused by
tuberculosis, which has been prevalent
among Alaskan natives since contact with
whites. Because of my inability in many
cases to rate the condition as acute or
chronic and to say whether it occurred be-
fore, with or after the arch defects, 1 have
simply listed the specimens by sex and
scries (Table 4). Although some cases may
have been overlooked, since this was not
one of the standard obscrvations, it appears
that, cxcept among the females with arch
defects, there is a fairly uniform distribu-
tion. Two thirds of the cases listed are from
the northernmost part of Alaska. Within the
spine the abnormal centra tend to concen-
trate at the thoracolumbar junction, which
will be recognized as the usual site of elec-
tion for both compression fractures and tu-
berculosis.

TABLE 2. AGE DISTRIBUTION IN THE MATCHED SERIES

‘Wit ArcH DEFECTS

WiTHouT ArcH DEFECTS

AcGE
Males Females Total Males Females Total
20-25 years .......iieia...s 2 6 8 6 3 9
Over 25 (no arthntis) . 7 9 16 = 10 T 17
Over 25 (slight arthntis) ..... 12 19 31 11 20 31
Over 25 (moderate arthntis) ... 24 11 35 18 15 33
Total ..........oo...... 45 45 90 45 45 90

TABLE 3. SERIES WITH ARCH DEFECTS: TYPE OF DEFECT BY SEX

Tyrg MaLEs FEMALES
Single segment involvement:
Bilateral at pars interarticulans «......................... ... 28 26
Unilateral at pars interarticularis . 1
Complex* 6 _7
Multiple segment involvement: s .
Bilateral at pars interarticularis .. .. ........ ..... 6
Complex ....... ... . i 4 ! ;
10 12
Total wevuniii 45 45
*Some of defects involvi

g sites other than or in addition to the pars interarticularis,
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TABLE 4. DISTRIBUTION OF PATHOLOGICALLY DEFORMED VERTEBRAE
IN MATCHED SERIES

SpECIMEN NUMBER

LOCATION IN SPINE*

T-13

7 8 9 10 11 12 L1L2 3 4

With arch defects:

Males:
332539%
3334677 .
351248 ..
351255 ..
3523941 . ..
3524031 ...l

Females:
3334701% o.vviiiieneen
3460131 ... ..
346294+ ...
352377+ .
363547 ..
378619% ......

Without arch defects:
Males:

346199t ...
346210%

Females:
339115 .. ool Ll

3666931
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* A plus sign signtfies a segment with pronounce:

shght deformity
+ Indicates a localtty north of the Yukon River.

d deformuty; a minus sign signifies a segment with

$ Indicates  Jocality in the Aleutians or on Kodiak Island.

DATA ON U, S. WHITES

During the course of this study the author
visited Western Reserve University Medical
School in Cleveland and recorded the same

set of observations on 29 white male skele-
tons with Tumbar neural arch defects from
the Todd Collection. He is ndebted to Dr.
Mildred Trotter, of Washington University
School of Medicine, St. Louis, for a list of
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the skeletons in the Todd Collection under

ANALYSIS OF

50 years of age with neural arch defects. SELECTED OBSERVATIONS

The skeletons studicd were sclected from
this list; hence they are not a random sample

VERTEBRAL FORMULA

of that part of the white male population In order to cstablish the proper relation-
with neural arch defects. Nevertheless, this  ships of the features under observation in
sample will serve as a sort of standard with  the lumbosacral region, the numbers of seg-
which to compare the Alaskan natives. ments in cach of the component parts of

TABLE 5. VARIATION IN NUMBERS OF PRESACRAL SEGMENTS

IN MaTcHep Serics®

Wit AR DEFECTS

PRCSACRAL SEOMENT
Males Females Total

WiTHoUuT Arcut DEFECTS
Males Females  Totat

— 1 1 3 1 2
42 41 83 43 42 85

3 3 6 1 2 3
45 45 90 45 45 90

*Unfused lumbosacrat transitional vertebrae are treated here as part of the sacrum beeause of the

articulation therewith through one or both lateral processes.

. P 2, Variations m the sacrum, (Le;
innominates, hence classified as homok

) Promontory at level of arcuate lines of

No. 346,200, Py, Hape). (Righe)Frise asal. Male, arch defects present (U.S.N.M,

0, Pt ; promont
segment articulating with sacrum on right side

ory at arcuate level and transitional

(USN.M. No. 345754, Hoopcr Bay). ouly. Female, no arch defects present
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the vertebral column were counted. In cases
in which segments had been lost or dam-
aged, the exact number present originally
could not be determined accurately. When
this involved the cervical region, 7 segments
were assumed confidently to have existed
because of the stability of this region; but
when this involved the thoracic region, 12

74 were d h Iy to have
been present, solely because the chances
greatly favor this modal number rather than
the much less common variant numbers 11
and 13. Assumptions regarding the original
number of lumbar vertebrae were not en-
tertained, and here all doubtful cases were
excluded. In this way a presacral count of
segments was arrived at which is summarized
for the matched series in Table 5. Accord-
ing to the evidence in this table, a significant
difference that can be related to the oc-
currence of neural arch defects does not
seem to exist.

It is interesting to note that 4 of the 29
white males with arch defects examined in
Cleveland had 25 presacral segments
(13.8% ). In the comparable Alaskan series
only 3 out of 45 were in this category
(6.7%).

TRANSITIONAL VERTEBRAE

The footnote to Table 5 calls attention to
a fairly common lumbosacral anomaly in
which a vertebra—usually the 25th segment
—continues to articulate with the sacrum
through one or both lateral processes until
after completion of ossification of the sacrum
proper (Fig. 2, right). Each Iateral articula-
tion fuses ultimately, and then the condi-
tion is often difficult to diagnose, except
through the persistence anteriorly of an an-
gle between the upper two centra (Fig. 3,
right). This angle, which is usually at the
level of the iliopectineal, or arcuate, lines
on the inner sides of the innominates, repre-

Fio. 3 Vanatons in the sacrum. (Left) Whole first segment abrvc
lines of innormnates. hence classified as markedly hypobasal. Male, e ate
present (USN M. No 345746, Yukon River). (Right) False promontory a

Jeve! of arcuate
no arch defects
1ote]

fused pletely on both sides, Male, no

level marked by arrow, tr £

arch defects present (U SN M No 339,124, Hooper Bay).
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Fia. 4. Transitional vertcbrac (uni-
lateral) with arch defects, viewed from
below and behind. (Top) Articulation
with sacrum on left; bilateral arch de-
fects at pars interarticularis (U.S.N.M.
No. 363,547, Bristol Bay, female). (Bot-
tont) Articulation with sacrum on right;
arch defects at pars interarticularis on
left and in mid-line (U.S.N.M. No.
346,191, Pt. Hope, male),

sents the promontory of the sacrum at an
carlier stage of devclopment and is referred
to as the false promontory. In distinguishing
between sacra of this type and those (con-
sidered in the next section) in which the
angle is lacking—hence therc is a single
promontory at or above the level of the
arcuate lines (Fig. 3, left)—no causal dif-
ferences are implied.

The expression transitional vertebrae here
covers all stages of the anomaly just de-

TABLE 6. CHARACTER OF FIRST SACRAL SEGMENT RELATIVE TO PRESENCE OR ABSENCE

OF DEFECTS IN THE LUMBAR NEURAL ARCHES, SEX AND LEVEL IN SPINE

SERIES VERTEBRAL MARKEDLY  MED. TO SL.
NUMBER  TRANSITIONAL* HYPOBASAL  HYPOBASAL  HOMOBASAL
With arch defects:
24 — — — —
Males (45)........... 25 11 5 25 1
26 —_ — 2 1
24 — - — 1
Females (45)........... 25 7 27 1
26 —_ — 1 —
Total (90)....... ... 18 13 55 4
Without arch defects:

24 2 —_ 1
Males (45) .......... 25 7 5 27 _
26 — 1
j— 2 1

F 24 1 —_ —_
emales (45)... ....... 25 6 2
%6 = 2 2 4

Total (90)........... 1

6 1 58 5

*A seoment thot farme am meafa el abo oo v
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scribed. As many writers have pointed
out, 91 such vertebrac may be in the
process either of liberation from (lumbari-
zation), or incorporation into (sacraliza-
tion), the sacrum, depending on the direc-
tion in which the pelvic girdle is moving on
the column. Without going farther here
into the broad biologic significance of this
anomaly, attention is called to Lanier’s state-
ment! that “morphologically significant fu-
sion [as distinguished from pathologic fu-
sion] of vertebrae at the lumbosacral level
is a complex process related to other inter-
segmental variations in the spine, and that
the process is genetically influenced and
determined at an early embryological stage
[p. 3701.”

Lanier’s statement is the conclusion of his
argument directed against Thieme’s view!?
that fusion between a transitional vertebra
and the sacrum is nature’s response to the
stresses of man’s upright posture and thus
her effort to “increase the security of the
area." I side with Lanier in this argument,
and take this opportunity to point out also
that the nonupright anthropoid apes have
transitional vertebrae that fuse in the same
way as in man ¢

Be this as it may, and regardless of
whether or not fusion has occurred, transi-
tional vertebrae are less mobile than are
typical last lumbar vertebrae. Such being
the case, does vertebral stabilization of this
kind have any influence on the occurrence of
arch defects? So far as our specimens are
concerned, Table 6 shows that just about
as many transitional vertebrae occur in the
series with arch defects as in that without
(18 vs. 16). However, it is significant that
transitional vertebrac per se, are largely
jimmune from defective arches. In the 18
cases from Alaska n which a transitional
vertebra and arch defects are associated in
the same spine, the defects oceur, with only
two exceptions (Fig 4), in the true lumbar
vertebrae instead of in the stabilized verte-
brae.

HyPOBASALITY OF SACRUM

In the preceding section we have con-
sidered a relatively uncommon condition
that results in an anomalous type of sacrum
—one with a double promontory. By con-
trast, most sacra have only a single prom-
ontory. Yet, even in this modal type of
sacrum the level of the promontory varies
in relation to surrounding structures (Figs.
2 and 3, left).

Radlaver® gives a classification of sacra
that takes into consideration the relation-
ship of the promontory (his basal plane) to
the partes laterales. According to his scheme,
when the proximal border of the facies au-
ricularis lies below the basal plane, he
speaks of the partes laterales of the sacrum
as hypobasal; when they are on the same
plane, he speaks of them as homobasal; and
when the proximal border of the facies
auricularis lies above the basal plane, he
speaks of the partes laterales as kyperbasal.
Since the “proximal border of the facies
auricularis” is too indefinite for the present
purpose, I have followed Thieme!? in using,
as a more exact point of reference on each
side, the intersection of the arcuate line with
the proximal border of the facies auricularis.
By this interpretation, only the first 2 cate-
gories of Radlauer’s classification are needed.

With this explanation, we may ask: Do
neural arch defects vary in frequency with
the hypobasality or the homobasality of
the sacrum? The answer as given by the
present study appears in Table 6. As in the
case of transitional vertebrae, markedly hy-
pobasal sacra occur about as Irequcmlx in
the series with arch defects as in that with-
out (13 vs. 11). Likewise, the intermediate
grades of hypobasality, which are so com-
mon, are represented about equally in the
matched series (55 vs. 58). On the other
hand, homobasality is so rare as to be of
little significance.

LoNG “PRCARCUATL” SPINES

We now have considered separately three
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situations in which the spine above the fevel
of the arcume lines is increased in lenpth
beyond the mode by at leant one whole seg-
ment: (1) an extra segment in the presacral
region: (2) a transitional tumbaosacral verte-
bra; and (3) a sacrum cxhibiting marked
Wypobasality. As comidered  individually,
none of these anomalies seems 10 have much
relation to lumbar peural arch defeets, but
the little difference that exists tends 1o favor
the series with defeets, Inview of this trend,
we nmy ask: How much do long “pre-
arcuate™ spines predispose in general to
tumbar ncural arch defects? Combining the
figures in Tables § and 6, there nre 19 males
and 18 females, or 37 individuals, in whach
such spines oceur along with arch defects
(4152), whereas there are 13 males and
14 females, or 27 indwiduals, in which such
spines do mot occur with arch defects
(30%). A difference of 11 per cent is im-
pressive and seems 1o indicate that the long
“prearcuate™ spine is a contributing factor
m the production of arch defects among the
Afaskan natives,

By way of contrast, it is interesting to
consider the frequency of fong “prearcuate”
spines in the serics of white males with arch
defects. Here, as we have seen, an extra pre-
sacral segment is of more common occur-
ence than in the Alaskan natives. On the
other hand, the white series contains only
one transitional vertebra and only one sa-
crum with markedly hypobasal latcral parts.

This amounts to a frequency of only 20 per
cent,

INCLINATION OF SACRUM

According to Schultz,? the position of the
Muman sacrum within the pelvs has not
changed much as a resnlt of the assumption
Ofterect posture This (and other relation-
ships in the lower parts of the pelvis), he
says, “implies that the human trunk became
erect only above the sacro-iliac articulation
P 3571 This mterpretation yndoubtedly
3% correct and explains why the human sa-
Crum presents a vanably inclined surface for

Fi6. 5. Method of measuring inclina-
tion of top sacral surface in mid-linc.
i.cft innominate has been removed for
better visibality after orientation of pelvis,
which involves contact of both anterior
supenior spines and both pubic tubercles
with wvertical, Usually the pelvis is held
together with rubber bands.

the suppart of the presacral vertebral col-
umn and its appendages. Largely because of
the inchmation of the sacrum, considerable
stress is brought 1o bear on the parts an-
choring the lower lumbar vertebrae to the
sacrum and to one another, This is the
reason that man alone of all the primates
suffers from mechameally produced fumbar
neural arch defects. Furthermore, it is the
reason that the inclination of the sacrum
is of interest in the present study,

Given only the dried skeleton, it is not
possible to re-establish with certainty the
position of the sacrum in life relative to the
vertical. The reason is that no two bony
points in the pelvis maintain a constant
vertical relationship in Jife from person to
person, or even probably at different times
in the same person (personal communication
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Fic. 6. L-5 with bilateral arch defects
at pars interarticufans, viewed from be-
hind to demonstrate wedge shape. Note
that from this position both superior and
inferior surfaces are wisible (U.S.N.M.
No. 377,709, Kodiak Island, female).

from W. S. Cornwell, based on roentgeno-
grams of the pelvis taken of standing sub-
jects). This being the case, the next best
thing is to relate the observations on the
sacrum to an arbitrary orientation of the
pelvis. Therefore, for the present purpose,
I positioned each pelvis so that the anterior
superior spines of the ilia and the tubercles
of the pubes were in contact with a vertical
plane. Figure 5 shows this arrangement, as
well as the method used to obtain the angle
of inclination of the top surface of the [st
sacral centrum,

As will be seen in Figure 5, the angle of
inclination was measured jn the mid-line.

The surface bere usually is far from flat.
often being depressed in the middle and
raised on either side. Also, occasionally a
transverse ndge crosses the median depres-
sion, and it is necessary in such cases to see
that the arm of the angle is equidistant above
the anterior and the posterior borders. Ow-
ing to such irregularities, there is soms un-
certainty that the mid-line represents the
true functional slope of the surface. Never-
theless, the angle obtained should be close
enough for the present purpose.

Table 7 shows distributions of the angle
of inclination by 10° intervals for all cases
in the Alaskan series in which S-1 is not
of the transitional type. As will be recalled,
a transitional vertebra forms an angle an-
teriorly with the rest of the sacrum. As a
result, the top surface of the transitional
vertebra is less inclined in relation to the
vertical than 1s the case in pormal sacra.
The remaining cases have been pooled, re-
gardless of segmental number, because the
angle does not seem to depend on length of
spine. On this basis the distributions still
show a considerable range. Although the
females seem to have a little more slope than
the males, this may be merely a reflection

TABLE 7. DISTRIBUTION OF THE ANGLE OF INCLINATION OF THE TOP SURFACE OF THE IST
SACRAL CENTRUM, ACCORDING TO SEX AND PRESENCE OR ABSENCE
OF LuMBAR NEURAL ARCH DEFECTS*

Crass INTERVAL
SERIES -—20° 21-30° 31-40° 41.50° 51-60° 61°+ AVERAGE
Alashan natives
With arch defects:
Males  (34). — 4 12 14 4 - 40.2°
Females (38) 2 8 8 17 2 1 38.4°
Without arch defects:
Males  (36) — 2 10 19 4 1 43.2:
Females (38) ... 2 4 13 15 4 —_ 39.5
U. S. whites
With arch defects.
Males  (27) — 3 10 13 - 1 40.9°

*Cases in which S-1 1s transitional in type hase been eliminated.
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TapLE 8. CONTRIBUTIONS OF LAST 3 LUM

BAR VLRTELBRAE TO LUMBAR LoRDOSIS:

AVERAGE HrigHTs oF CENTRA, ANTERIORLY AND POSTERIORLY, .
ACCORDING TO SEX AND PRESENCE OR ABSENCE OF LUMBAR NEURAL ARCH DEFLCTS

NEXT TO Srconp FROM
b Last Last Lﬁ::‘nik
LUMBAR LUMBAR LUMBAR SroetEs
SEGMENT SEGMENT SLGMENT FGME .
Grour Anter. Post.  Aoiee post. Anter. Post, Anter. Post.  Dif.
mm. mm. mm.mm. mm. mm. mm. mm. mm.
Alaskan natives:
With arch defects:
Males  (32) 248 2011 241 238 240 257 728 705 23
Females (34) 253 209 247 238 248 258 749 705 44
‘Without arch defects:
Males  (34)...... 253 221 243 244 242 263 737 729 08
Females (34)...... 240 214 236 234 239 250 715 697 18
U. S. whites:
With arch defects:
]Ma;]crs (28)...... 286 218 278 260 276 273 B840 752 88
*Tr: 1 vertebrae excluded

of the arbitrary orientation of the pelvis,
which probably is affected by sex differences
in morphology. But the main point is that,
whereas the slopes are slightly less in the
series, with arch defects than in those with-
out, the differences are not significant sta-~
tistically.

Table 7 also gives the distribution of the
comparable cases in the white series. Judg-
ing by this sample, the inclination of the
sacrum does not differ appreciably between
whites and Eskimos.

Lumsar Lorposis

Like the pelvis, the disarticulated lumbar
vertebrae defy attempts to re-establish the
orientation that characterized them in life.
Indeed, the extensive flexibility of this part
of the spine in life makes it difficult even
to specify a typical relationship. This being
the case, we can study only the characters
of the indrnidual vertebrae that are involved
in the regional curvature, in this case a
lordosis,

As is well known, the centrum of the last

lumbar vertebra usually is somewhat wedge
shaped, the vertical height being greater an-
teriorly than posteriorly (Fig. 6). In con-
trast, the centrum two segments higher up
(usually L-3) sometimes is s]ighﬂ_y wedge
shaped in the opposite direction; that is, the
vertical height is greater posteriorly than
anteriorly. These differently shaped centra
probably are compatible with the lordosis
in which they participated during life. Re-
membering that the lordosis itself is not
inherited, we may ask: Do the anterior and
the posterior heights of the last three lumbar
vertebrae show any relationship to the pres-
ence or the absence of neural arch defects at
these same levels?

Table 8 shows that when arch defects
are present in the Alaskan natives, the com-
bined anterior heights of the last three Tum-
bar centra exceed the combined posterior
heights by 2.3 to 4.4 mm. on the average;
whereas, when defects are not Ppresent, these
heights differ only by 0.8 to 1.8 mm. The
differences would be larger if the wedging
present in the last 2 segments, and par-
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TABLE 9, METRIC CHARACTERISTICS OF THE SUPERIOR ARTICULAR FACETS OF §-1
ACCORDING TO SEX AND PRESENCE OR ABSENCE OF LUMBAR NEURAL ARCH DEFECTS

MaximMum Minmmum
DISTANCE DisTaNCE RaTio: Mean Rario:
BETWEEN BETWEEN 2 X 100 D}f"" or 3 X 100
Group FACETS FACETS ACETS  eNor &
5 P 1 @) MEaNOF 1 &2
mm. mm. mm,
Alaskan natives:
With arch defects:
Males  (43)...... 51.3 284 55.5 0.9 22
Females (44)...... 45.6 25.1 55.0 08 23
Without arch defects:
Males  (44}). 51.2 26.9 524 1.0 26
Females (41)...... 47.8 25.8 54.0 0.9 2.6
U. S. whites:
With arch defects:
Males  (29)...... 548 30.7 56.0 09 2.1

ticularly in the last, was not offset by the
counterwedging present in the segment sec-
ond from the last. Thus, by contrast with
the U. S. white males with arch defects, in
which the wedging is in the same direction

in all three segments, the difference in com-
bined anterior and posterior heights amounts
to 8.8 mm. on the average. Although the
degree of lordosis present in life depends on
other things besides the shapes of the centra,

Fic. 7

anticular facets Casc sclected to show cxtreme asym
of left facet near maximum observed. Male, no arch defects present

No. 333,468, Wales)

View of sacrum from above to show measurements relating to
metry of facets. Curvature
(USN.M,

Iy
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TABLE 10. CURVATURE OF SUPLRIOR ARTICULAR FACLTS OF 8-1 ACCORDING TO SEX
AND PRESENCE OR ABSENCE orF LUMBAR NLURAL ARrcH Drrrcrs

CuURVATURE or Botn Factts

Sior or
GREATLST CURVATURE

None to Medium to Marked I.N ASYMMLTRICSt
Groor Stight Pronounced  Asymmetry* Right Left
% % Go % %o
Alaskan natives:
With arch defects:
Males  (43)......... 837 1.6 4.6 9.3 Z.O
Females (45)...... ... 867 89 4.4 44 26.7
Without arch defects:
Males (44)......... 63.6 20.4 159 18.2 3.8
Females (44)......... 704 250 4.5 8.9 20.0
U. S. whites:
With arch defects:
Males (28)........ . 85.7 7.1 7.1 10.7 21.4

*Cases in which 1 facet is in the none-lo-slight category, whereas the other is in the medium-to-

pronounced category.
tAIl asymmetries regardless of degree.

the figures in Table 8 suggest that the Alas-
kan natives have flatter backs than whites,
and that those without arch defects are the
Rattest of all. This may mean that increas-
ing lordosis helps predispose to arch defects.

I have not tested the metrical differences
shown in Table 8 for siatistical significance,
because, if stuch significance can be demon-
strated, it may be indicative of things other
than sampling characteristics. For instance,
in cases of pronounced hypertrophic arthri-
tis, alterations of the superior or the in-
ferior surfaces of the centra may occur, with
resultant changes in height. I cannot be sure
that all abnormal cases of this sort have
been eliminated. Furthermore, transitional
vertebrae with small lateral areas of articula-
tion with the sacrum are like typical last
lumbar vertebrae, so far as wedging is con-
cerned, and yet have been treated here as
1st sacrals. Thus, the elimination of so many
transitional vertebrae from measurement and
the substitution of the atypical vertebrae
next above probably make the Eskimo spines
seem flatter than they are,

LuMBosacraL FaceTs

The mobilty of the last Jumbar segment
depends in part on the positions of the lum-
bosacral facets. As the positions of these
surfaces approach the coronal plane, more
motion is possible. At such an extreme the
facets of the lumbosacral joint offer a con-
trast with those of the upper lumbar verte-
brae, which usually approach the sagittal
plane in position and form joints of a type
that has been likened by Davis? 10 a car-
penter’s mortice. Since lumbar neural arch
defects are concentrated at the Jower end
of the lymbar column, where the mortice
joint is not much in evidence, it is important
to compare the type of joint here with the
presence ar the absence of arch defects.

In this study, observations on the facets
were limited to those of the sacrum that en-
ter into the lumbosacral joint. Figure 7 de-
fines the three measurements taken. In addi-
tion, when the articular surface of 2 facet
was not flat, the curvature was judged vis-
ually to be slight, medium or pronounced.
The specimen shown in Figure 7 was selected
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to show both asymmetry and the greatest
degree of curvature (pronounced) encoun-
tered.

Table 9 gives the averages of the measure-
ments and of two ratios derived therefrom.
So far as the matched series of Alaskan
natives is concerned, the main difference
(not significant statistically) appears in the
ratios formed by the depth of the facets in
relation to the mean distance between them.
For the series with arch defects this ratio
is 2.2 to 2.3, whereas for the series without
defects this ratio is 2.6. Very little contrast
is afforded by the U. S. white males with
arch defects: they differ mainly in having
greater distances between the facets,

Finally, Table 10 shows that the superior
articular facets of the sacrum tend to be
more curved and asymmetrical in the series
without arch defects than in those with the
arch, Thus, the last two tables suggest that
a reduction in curvature and relative depth
of the articular facets may help increase the
frequency of neural arch defects. The tend-
ency for the nght facet to be less curved
than the left seems to be part of the pattern
of sidedness.

DISCUSSION

In the foregoing comparison of matched
skeletal series of Alaskan natives, perhaps
the outstanding impression centers in the
small size of the differences Over and over
again in presenting particular observations
the conclusion was reached that a difference
in this respect between the series with and
without arch defects erther did not exist or
was small and perhaps not statistically sig-
nificant. Nevertheless, the individual small
differences involve rather consistently a pat-
tern of features favoring the increase of
mechanical strain in the lower back. Thus,
we find ncural arch defects associated a
little more commonly with (1) a long “pre-
arcuate” spine, which represents a progres-
sive trend 1n the clongation of the human
trunk; (2) an acutely inchned top sacral
surface, which, by being contrary to the
evolutionary trend, adds to the mnstability

of the Iumbosacral area; (3) increased lum-
bar lordosis, which is a secondary adjust-
ment to erect posture; and (4) reduced
depth and curvature of the superior sacral
articular facets, which increase the mobility
(instability ?) of the lumbosacral junction.
However, in reality such a pattern, if it
exists, is little more than a statistical con-
cept. The individual elements of this pat-
tern are somewhat unusual in occurrence
and are not necessarily associated in a sin-
gle individual, even when that individual
has developed neural arch defects. Indeed,
it should be quite evident that the series
without arch defects also contamns many in-
dividuals with one or more of the strain-
related features. Stated in another way, the
predictive value of these anomalies is low,
1f not nil, in so far as their use is concerned
in foretelling the development of neural arch
defects.

Obviously it was impossible to include in
the comparison the structure of the bone
at the sites of the defects—the partes inter-
articulares of the neural arches. Therefore,
we do not know whether or not weakness of
these parts was a factor leading to the oc-
currence of the defects. Yet, judging from
the other skeletal characters here examined,
1t seems unlikely that the bone at these sites
was much, if any, different in the cases that
were to develop defects than i those that
never did.

Probably structural variability of this sort
does not assume more importance as a pre-
disposing factor n causing arch defects be-
cause the advantage or the disadvantage that
it provides is small. In most circumstances
even a seemingly disadvantageous structure
will not give nise to this type of disability.
On the other hand, when mechanical stresses
become sufficiently intense or persisient,
bone dissolution ensues, the conformation of
the parts making little difference, except
to help focus the stramn at the pomt at
which the defect occurs This argument is
supported by the comparison of Alaskan
natives and U. S. whites. Neither group is
very different so far as the features under
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a Defectos in le Lumbar Arcos Neural

Summario in Interlingua

Reliquias skeletal de nativos de Alaska
—eschimos e aleutas—monstra le plus alte
cognoscite frequentia de defectos del lumbar

arcos neural. Secundo le arcas geographic
in question, iste frequentia amonta a 15
¢ usque a 50 pro cento Proque il es hodie
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un ben establite facto que le majoritate del
defectos de arco non es congenite sed se
disveloppa in Ie curso del vita del individuo,
le material de Alaska provide un unic op-
portunitate pro le studio del etiologia de
tal defectos. In iste connexion le autor del
presente articulo ha suggerite in un previe
publication que le inusual posturas que es
communmente prendite per iste nativos es
possibilemente capace a explicar in grande
mesura lor alte frequentia de defectos de
arco. Per iste posturas un tension additional
es imponite super le dorso inferior e ultime-
mente super le partes interarticulari del
vertebras infero-lumbar, Remane a clarificar
le question si hereditate es involvite indirec-
temente, in lc forma de anomalias skeletal
que constitue un predisposition a tal defectos.

Le collectiones del Statounitese Museo
National ha providite duo geographicamente

comparabile series pro le presente studio.
Un del series ha defectos, le altere non. Es
includite 45 masculos ¢ 45 femininas in cata
un del series. Pro objectivos de comparation
le Collection Todd del Universitate Western
Reserve provideva 29 masculos blanc con
defectos de arco. Observationes in iste series
esseva limitate a certe variationes concernite
con inclination sacral, curvatura lumbosacral,
e articulation lumbosacral. Tal anomalias
occurre solmente un pauco (si del toto) plus
frequentemente in e serie con defectos de
arco que in le serie sin tal defectos. Tamen,
le minime differentias notate es omnes de
natura a tender verso un augmento del ten-
sion mechanic in le dorso inferior, Es a con-
cluder que nulle del factores studiate ha un
valor predictive. In iste senso le studio es
de interesse ab le puncto de vista de ex-
amines pre-occupational,
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Anomalies of the Lumbar Spinal Cord
and Nerve Roots

R. T. McELVENNY, M.D.*

The frequency with which the lumbar tudinally without sharp demarcation into
area of the spinal cord is explored for extra- the thinner nonneural ectoderm. The lateral
dural lesions makes embryologic variations edges of the neural plate curve dorsally to
in this region a matter of interest, form the neural folds. These folds meet and

fuse to form the nenral tube and its central

DEVELOPMENTAL IMPLICATIONS  canal, Later the neural tube separates from

The entire nervous system, except the the overlying nonneural ectoderm, which
olfactory epithelium and parts of certain then completely overlies this neural tube.
ganglia, is derived from an elongated plate The neural tube gradually differentiates
of thickened ectoderm, the neural plate. into four zones, the floor zone, the roof zone
This future nervous system extends longi- and two lateral zones. The lateral zones, or

*Chicago, 1l plates, thicken greatly, and these signify the

Neural groove Neural plate
Neural groote  Neural plate

S
,i@%ﬂg s

Ecloderm Neural groore

Neural tube DN eural cavity

FiG. 1. Four sections showing the development of the neural tube j

;mbryos(.N([Al;) A(nDearly embryo (Keibel}. (B) At 2 mm. (Grob-Spec.)m(l(lju)m;;lt1
mm. all), (D) At 2.7 mm. (Kollmann). (Arey: A

P o A ( ). (Arey: Developmental Anatomy,

&1
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bilateral character of the neural nbe. Later,
these lateral zones are squeezed transversely
by the sulcus limitans into a dorsal and a
ventral portion. This process eventually pro-
duces a general grouping, so that the dorsal

mccd?:fﬂ;ﬁ, == f ; portion of the adult cord becomes mainly re-
Cauda-ee-e i ceptive in character, and the ventral portion
equina. ( 3 . becomes mainly motor m nature (Fig. 1).
Duramater During the early development the spinal

cord extends from the medullg,to, the lower
end of the sacrum. The bony elements of
the spine grow more rapidly than the cord,
so that in adult life the spinal cord termi-
nates at about the level of the Ist lumbar
vertebra. Below the termination of the spinal
cord the lower spinal nerves have had to
elongate to accommodate to the growth of
the bony column. These nerves descend as
the cauda equina in the dural sheath to
reach their respective exits. The spinal cord
itself, having been pulled cephalad by bony
growth, leaves a gradually diminishing ter-
mination, the conus medullaris. This conus
eventually narrows into the filum terminale,
which ends at about the level of the 2nd
sacral vertebra. Here the filum perforates

1N
oi\g lc};{k:nr:alc the dural sac to continue as a dural sheathed
filton durae matris to fix firmly into the poste-
Fi6. 2 Normal appearance of lower rior surface of the coccyx (Fig. 2).
spinal cord. (Anson, Barry J: Atlas of In transverse section the cord shows a
Human Anatomy, Philadelphia, Saunders) centrally placed gray substance, which forms

a continuous deeply notched H-shaped col-
umn extending the entire length of the cord.
The deep ventral median sulcus and the

sepfum medianum paslerius_
radix posterior - suleus lateralis posterior
! L~ columna posterior

N7

ganglion spinale

’ ramus posterior
» o, spnalis

J

nervus spinalis

e - Pié
radix anterior - £ ramis
. . \ P .-"anterior
columna anterior fissura  folumna anterior nervi
mediana spinalis

anterior

a section of spnal cord with nerve roots.

Fig. 3 Diagrammatc representation of
it e ork, G E. Stechert & Co)

(Sobotta-McMurrich  Atlas of Human Anatomy, New Y



Deovelopmental Implications 63

dorsal median sulcus divide the cord into
almost complete halves. These halves are
joined together by a thin median bridge or
commissure. In each half of the cord the gray
substance shapes itsclf into the dorsal and
the ventral horn, cornua or column. The gray
substance is completely surrounded by the
white substance, which is composed of
myelinated fibers (Fig. 3).

The spinal nerve roots emerge from the
dorsal and the ventral columns and are so
named. Thesc fuse into a mixed spinal nerve
contained in a dural slip, or sleecve, The
spinal nerves leave the bony canal by way
of their foramina to connect the various
parts of the body to the central nervous sys-
tem. There are 31 pairs of these spinal

FIG. 4. (Lefr) Filling of basal and dural s
cephalus. (Right) Area of leston shown at le
region of arrow. Note below this area that
present, even in sacral region,

nerves. Five pairs are lumbar and five pairs
are sacral,

Injury to a dorsal root produces complete
loss of sensation and loss of reflexes initi-
ated by sensory stimulation. Overlapping is
prevalent, so that unless nore than one dor-
sal root is affected, ancsthesia may not be
marked.

The cutting of a ventral root produces a
complete flaccid paralysis of the muscle or
the portion of muscle supplied by the nerve
and the loss or the diminishing of the deep
reflex controlled by that muscle.

Destruction of a mixed spinal nerve pro-
duces both the dorsal and the ventral root
effect. When preganglionic visceral fibers
are associated with nerve roots, as in the dor-

paces in infant with spina bifida and hydro-
1t. Note !P}at cord and cauda equina cease i
no posterior elements of spinal column are
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lumbar region is usual in marked spina
bifida. The degree of this aflliction varics, so
that the gamut may run from no ir‘wol.vc-
ment of the cord to premature termination
or complete abscnce of the lumbar cord
(Fig. 4).

TRUE PARTIAL DOUBLING OF THE CORD
(DIPLOMYELIA)

This condition is most common in the
lumbar region. Often there is a scparation
for a segment or two, and then the separated
portions fuse together again in the lower
lumbar region or before termination. This
condition is characterized by two central
canals and two posterior “median” septa. In
some of these cases this separation is ac-
companied by the intrusion of a fold of
membrane between the two parts. This mem-
brane may be fibrous in nature and contain
connective tissue, or even pieces of cartilage
and bone. In others the separating membrane
is a fold of dura mater. Usually these folds
arise ventrally and proceed in a dorsal direc-
tion to attach, at times, to the posterior ele-
ments of the vertebrae.

The cause of this condition is not clear.
In some instances no cause is evident. The
abnormality may result from some defect
in the cells of the medullary tube. Other
cases seem to indicate a local doubling of
the medullary tube. This reasoning is based
upon the regularity of the outer comua’s
being more perfect than the inner, more
dorsal, cornua and the continuity of the
two central canals.

Theodor’s!® case is of special interest
because this was a complete separation of
each cord with two separate canals and four
anterior and four posterior cornua. The nerve
roots came mainly from the outer halves,
but the inner, more dorsally situated, cornua
had also anterior and posterior root con-
nections (Fig. 5).

In cases of doubling of the cord, the
Space occupied by the cord is much larger
than is demanded by the normal structure.
In opening the canal, the membranes bulge

cutaneous
tissue

FiG. 6. Sacral cord in an adult. (Anson,
Barry J.: Atlas of Human Anatomy, Phil-
adelphia, Saunders)

more markedly, and the canal is larger than
normal, with the membranes completely fill-
ing the canal.

PARTIAL DOUBLING OF THE LUMBAR CoORD
DUE TO CARTILAGINOUS OR BONY WEDGES
(DIASTEMATOMYELIA)

Pressure phenomena due to bony or car-
tilaginous wedges arising from the anterior
(ventral) portion of the canal were reported
by Cruveilhier* over a century ago. Bon-
ome,* Sulzer'* and Bruce? also report sim-
ilar findings. This separation of the cord
might conceivably be due to pressure phe-
nomena during the developmental stages.
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sal and the upper lumbar regions, vasomotor
and trophic changes also are manifest in the
skin supplied by the injured nerves.

ABNORMALITIES OF THE
LUMBAR CORD

The literature records many marked
anomalies of the lumbar cord. Usually these
defects are associated with monsters or other
marked deviates. Unfortunate as these vari-
ations are, they are not subtle. However,
the lumbar cord is the seat of many varia-
tions that are not so evident. The author

was able to collect from the literature be-

tween 1880 and 1910 22 cases of proved
lumbar cord abnormality jn the adult. These

EVE

THEzoDOR

=RQ OQ%

v RECKLINGHALSEN

Srerver. MIDRa.

Fi. 5 Vanous findings in lumbar cord anomalies.

people ranged from 17 to 76 years of age.
In none had the spinal cord abnormality
contributed to the death of the individual,
In some of these cases deformity of the
feet was noted. This deformity was referred
to commonly as cavus. In others a diagnosis
of “awkward gait,” “poor co-ordination of
the legs” or “Friedreich’s ataxia” had been
made previous to death, Knee jerks, when
mentioned, were noted as absent or de-
pressed, or, at other times, as active or
brisk. It was impossible to correlate the
pathology with the meager physical data,

SPINA BIFIDA
Nerve splitting of the spinal cord in the
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lumbar region is usual in marked spina
bifida, The degree of this afiliction varics, so
that the gamut may run from no ir}vo]_\'c-
ment of the cord to prematurc termination
or complete absence of the lumbar cord
(Fig. 4).

Trur PartiaL DousLing of THE CORrD
(DIPLOMYLLIA)

This condition is most common in the
lumbar region. Often therc is n separation
for a segment or two, and then the separated
portions fuse together again in the lower
lumbar region or before termination. This
condition is characterized by two central
canals and two posterior “median” septa. In
some of these cases this separation Is ac-
companied by the intrusion of a fold of
membrane between the two parts. This mem-
brane may be fibrous in nature and contain
connective tissue, or even pieces of cartilage
and bone. In others the separating membrane
is a fold of dura mater. Usually these folds
arise ventrally and proceed in a dorsal direc-
tion to attach, at times, to the posterior ele-
ments of the vertebrae.

The cause of this condition is not clear.
In some instances no cause is evident. The
abrnormality may result from some defect
in the cells of the medullary tube. Other
cases seem to indicate a local doubling of
the medullary tube. This reasoning is based
upon the regularity of the outer cornua’s
being more perfect than the inner, more
dorsal, cornua and the continuity of the
two central canals.

Theodor’s™® case is of special interest
because this was a complete separation of
each cord with two separate canals and four
antenior and four posterior cornua. The nerve
roots came mainly from the outer halves,
but the inner, more dorsally situated, cornna
had also anterior and posterior root con-
nections (Fig. 5).

In cases of doubling of the cord, the
space occupied by the cord is much larger
than is demanded by the normal structure.
In opening the canal, the membranes bulge

subcutancous
tissue

F1G. 6 Sacral cord in an adult. (Anson,
Barry J.: Atlas of Human Anatomy, Phil-
adelphia, Saunders)

more markedly, and the canal is larger than
normal, with the membranes completely fill-
ing the canal,

PARTIAL DOUBLING OF THE LUMBAR CORD
DUE TO CARTILAGINOUS OR BONY WEDGES
(DIASTEMATOMYELIA)

Pressure phenomena due to bony or car-
tilaginous wedges arising from the anterior
(ventral) portion of the canal were reported
by Cruveilhier* over a century ago. Bon-
ome,® Sulzer' and Bruce? also report sim-
ilar findings. This separation of the cord
might conceivably be due to pressure phe-
nomena during the developmental stages.
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This anomaly may be similar to diplomyelia,
but, instead of soft tissue partitions, carti-
lage and bone are substituted.

COoMPLETE SACrAL CORD

This portion of the cord is present in
the fetus, but the entire cord is drawn ceph-
alad as the bony column outstrips the cord
in growth. Anson' reports a complete sacral
cord in an adult. No history previous to
death in relation to physical findmngs is
known of this subject (Fig. 6).

MALFORMATION OF
LUMBAR SPINAL ROOTS
AND SLEEVES

In describing the variations in the lum-
bar cord, no mention except by Theodor
included the pattern of the nerve roots or
the spinal nerves in the affected areas. The
developmental abnormalities n the lumbar
cord can and do affect the distribution, the

ing the 5th lumbar and the 1st sacral roots with
the roots of the cauda equina (Ethelberg &

31B:442-446)

size, the location and the pattern of various
nerve roots leaving the spinal canal. The
cord also may be normal, and variations in
the pattern of the nerve root or the spinal
nerve may be the only malformation present.

Pathologists, such as Zagoni,’® have de-
scribed the various patterns of the Iumbar
nerve roots, but Fineschi” and Ethelberg,?
publishing in the same year, have tied up
clinical data with the operative findings.
Ethelberg and Riishede show five variations
of the lumbar spinal roots, and their illustra-
tions are shown here. These cases were
found in a series of 1,162 laminectomies
for pain simulating lumbar disk syndrome.
In none of these five cases was a disk pro-
trusion found (Figs. 7-9).

Ethelberg remarks that these abnormally
large roots occupy the entire and limited
intraspinal space, so that any diminution of
this space by even a slight narrowing of the
intervertebral disk may result in compres-

FiG. 7 (Lefty A dichomatous filum. (Right) An nlznozn::l d.uLml‘sac io'n‘tnm’:

Riishede: J. Bone & Jomt Surg.



sion of the nerve roots. In these cases neuro-
logic findings were more marked than in
the disk syndrome, except that straight leg
raising was commonly negative. Otherwise,
the histories were indistinguishable from
those of intervertebral disk protrusion,
Deyerle and May® report a case of disk
protrusion with an anomalous nerve root.
This case really exhibits an accessory nerve

Fic. 8 (Opposite). A plexiform connection between
the 5th lumbar and the Ist sacral nerve roots and caudally
a thin 2nd sacral nerve root. (Ethelberg & Riishede: J.
Bone & Joint Surg. 3413:442-446)

Fi6. 9 (Below). (Left} A common dural sheath for
the 5th lumbar and the Ist sacral roots which split up
caudally into separate roots, both passing through the
5th intervertebral foramen. (Right) An abnormal off-
shoot of the 5th lumbar nerve root which is considerably
enlarged. This root passes through the 5th lumbar inter-
vertebral foramen, together with the Ist sacral nerve root,
(Ethelberg & Riishede: J. Bone & Joint Surg. 34B:442-
446)
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F1G. 10. Illustrates an accessory nerve
root. (Deyerle & May: Ir Clinjcal Ortho-
paedtcs, No. 4, Philadelpha, Lippincott)

root in that the Sth nerve root has an ac-
cessory branch (Fig. 10). These authors
do not state whether or not the dura mater
was opened, so that the true relations of
the root above and below were observed.

The author presents one case of a di-
chomatous filum on the night at the inter-
space between the 5th lumbar vertebra and
the sacrum. This patient had before opera-
tion a severe right-sided sciatica. There was
diminished sensation over the lateral side
of the right foot, a decreased Achilles re-
flex and marked weakness of the Jong ex-
tensor of the great toe, with diminished sen-
sation over the dorsum of the right great
toc, So marked were these findings that two
disk lesions were anticipated, one at the 4th

Fi16. 11. Illustrates author’s case of a
dichomatous filum.

interspace and one at the Sth inferspace. A
myelogram was inconclusive because of the
fragmentation of the opaque column. At
operation a Jarge protruding disk was found
at the bifurcation of the abnormally large
root, with most of the disk substance com-
pressing the 5th root. It was exceedingly dif-
ficult to mobilize this root, so that the disk
substance was removed, beginning on the
left. Following mobilization and removal of
the disk substance, the dura was opened,
and the area shown in the drawing was ex-
plored completely. The findings are shown
(Fig. 11).
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DISCUSSION

The existence of bony encroachment upon
the cord or the nerve roots or the presence
of a tight (short) filum terminale, a cyst, a
transverse constriction band or a tumor
pressing upon the cord is common knowl-
edge.

It would be impossible to describe all ab-
normalitics of the spinal cord and the nerve
soots, because, as clsewhere, it is almost im-
possible to list congenital defeets. It would
appear that classification of congenital ab-
normalitics of the spinal cord and the nerve
roots should be made on the basis of obvious
and subtle. An attempt has been made to
call attention to some of the subtle varia-
tions in the lumbar spinal cord and ncrve
roots.

The embryologic devclopment of the
spinal cord signifies its bilateral character.
Thus, the variations in the cord itself usually
are bilateral. It is singular that in each casc
of anomaly found in nerve roots the varia-
tion has been unilateral.

The resection of a nerve root is not a
major disaster, but it is one to be avoided
unless done with full knowledge of what
one is cutting. The implication in cutting an
accessory nerve root (Fig. 10) is different
from that of cutting a dichomatous filum

(Fig. 11).

An unexplained foot deformity with re-
sistance to correction or an abnormal gait
with no true pattern of known etiology
should make one consider a Iumbar cord
abnormality.

SUMMARY

A review of a portion of the literature
concerning lumbar cord variations is pre-
sented. In this review the most fruitful work
was published on this subject bewteen the
years 1842 and 1910,

The literature concerning the clinical
manifestations of anomalous nerve roots has
b.een reviewed. These anomalies may give
Tise to symptoms of disk syndrome with or
without a herniation of the nucleus pulposus,

One case of spina bifida and one case of

dichomatous spinal nerve root have been
presented by the author,
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Anomalias del Medulla e del Radices Nervose Lumbar

Summario in Interlingua

Es presentate un revista de un portion del
litteratura concernite con variationes del
medulla lumbar. Le plus fertile studios es-
seva publicate inter 1842 e 1910.

Es presentate un revista del litteratura
concernite con le manifestationes clinic de
anomale radices nervose. Le litteratura pare
indicar que iste anomalias pote producer
symptomas de dyndrome de disco, con o
sin hernjation del nucleo pulpose.

Es generalmente cognoscite le phenom-
enos de pression ossee super le medulla o
le radice nervose o del presentia de un tense
(curte) filo terminal, de un cyste, de un
banda de constriction transverse, o de un
tumor que pressa super le medulla.

Il esserea impossibile describer omaue le
anormalitates del medulla e del radices ner~
vose spinal, proque hic como alterubi, il es
quasi impossibile listar le defectos congenite.
1t pare que Ie melior classification del anor-
malitates congemte del medulla spinal ¢ del
radices nervose spinal se basa super un sep-
aration del formas obvie ab le formas subtil.

Esseva interprendite le tentativa de signalar
certes del variationes subtil in Je medulla e
le radices nervose lumbar.

Le dsveloppamento embryologic del me-
dulla spinal determina su character bilatere.
De accordo con iste facto, le varationes
del medulla mesme es generalmente de
forma bilatere. 11 es estranie que in omne
casos cognoscite de anomalia del radice
nervose, le variation esseva de forma uni-
latere.

Le resection de un radice nervose non es
un disastro major, sed illo deberea esser
evitate, excepte quando on sape exactemente
lo que on vole secar. Le implicationes del
section de un radice nervose accessori dif-
fere ab le implicationes del section de un filo
dichomatose.

Un inexplicate deformitate de pede con
resistentia al correction o un anormal modo
de ambulation sin traciabile factores etio-
logic deberea inducer e medico a prender in
consideration le possibile presentia de anor-
malitates del medulla lumbar.
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Dysplasia of the Neural Arch and Its
Clinical Manifestation (Spondylolisthesis)*

EbuaRp GUNTZ AND KURT SCHLUTER

It is the task of orthopaedics, and it has
led to the name given this branch of medi-
cine, to occupy itself with the straight up-
bringing of the child in the original meaning
of the word. Hence, the congenital matfor-
mations of the skeletal apparatus have re-
mained the undisputed domain of ortho-
paedics since the inception of that specialty.
The frequency of congenital malformations
differs between nations and races. One is re-
minded of the varying frequency of disloca-
tion of the hip joint in whites and in Negroes.
Certain congenital malformations of the
skeletal apparatus are relatively common; for
instance, clubfoot and dislocation of the hip.
In these conditions medical experience has
led to methods of treatment that are fairly
uniform in the various medical centers. Thus,
for example, there is unanimity as to the
indications for earliest treatment of club-
foot, and also there is agreement in prin-
cple on the treatment of dislocated hip.
It is certainly pleasant to have one’s own
views as to pathogenesis and therapy con-
firmed by other authors, However, it ap-
pears to the authors to be more fruijtful to
initiate a discussion of a morbid entity about
which opinions  stilt vary as to etiology,
symptomatology and therapy.

We shall report on our experiences with

* From the Orthopaedic University Clinic “Frie-
dr_lchshcim," Frankfort on the Main, Germany.
Director: Professor E. Guntz, Translated from the
German by Medical Literature Service, 19 S. 22nd
St., Philadelphia 3, Pa.

spondylolisthesis. We know that opinions
concerning this disease differ greatly even
among German and other European au-
thors. Therefore, we do not wish to neglect
to mention in this chapter the views of
others that one of us (Giintz) was able
to acquire as an associate of Schmorl, as
well as from the results of clinical and roent-
genologic investigations made on patients
seen at the Orthopaedic University Clinic
“Friedrichsheim,” Frankfort on the Main.

ON THE PATHOGENESIS
OF SPONDYLOLISTHESIS

There is agreement in the Anglo-Amer-
ican and the German literature that the for-
mation of a split in the interarticular portion
is the prerequisite for the slipping of one
vertebra on the vertebra below. We shall re-
frain from those forms of slipping of verte-
brae that have been designated by Junghanns
as pseudospondylolisthesis and are char-
acterized by an altered position of the ver-
tebral joints. We also wish to point out that
recently in the German literature there has
been discussion as to the inappropriate no-
menclature (Brocher, Sonnenschein). How-
ever, we wish to retain the customary termi-
nology so as not to complicate a critical
comparison of the literature,

It may be advantageous 1o prelace our
exposition by a short ontogenetic considera-
tion of the normal development of the ver-
tebra. In the area occupied by the chorda
dorsalis, cartilaginous nests are recognized

7
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during the 6th week of embryonal develop-
ment. Later these nests take over the entire
formation of the vertebral bodies. Dorsal
to the vertebral body 2 processes form and
constitute the neural arches. In the 4th
embryonal month they unite behind the
neural canal and complete the formation of
the neural arch. An osseous nucleus appears
as early as the 9th embryonal week in the
vertebral body, and similar nuclei appear in
the 11th embryonal week on both sides of
the neural arch. Ossification proceeds only
endochondrally. The neural arches also
manifest perichondral ossification, such as
is seen in long bones. Each process gives
rise to one half of the neural arch, the
pedicle and the articular processes, the
transverse processes and one half of the
spinal process. Between the Ist and the 2nd
years of life, the 2 halves of the neural arch
unite to form a vertebral arch. Between
the 4th and the 6th years of life, the arch
fuses with the vertebral body.

The interpretation of a spht in the arch
posteriorly as a manifestation of defective
development does not offer any difficulties.
Assuming the presence of only one center of
ossification in each half of the neural arch,
one cannot find an explanation of the spht
between the articular processes. Bardeen,
Paturey, Keibel and Mall, Rambaud and
Renault, and Willis have described 2 osseous
nuclei for each half of the neural arch.
However, new investigations by Bailey, Fri-
berg, Raowe and Roche, and Tondury and
Willis have shown that there is only one cen-
ter of ossification in cach half of the neural
arch, Therefore, the assumption 1s untenable
that one is dealing only with a simple in-
hibition of development.

Junghaans, referring to the spondylolyses
encountered not infrequently in children
(Brailsford, Capener, Eichlam, Garavano,
George and Leonard, Guilleminet, Hitch-
cock, Jenkins, Johnstone and Thompson,
Junghanns, Kleinberg, Kuttner, LangendorfT,
Meyerding, Mosberg, Pniessnitz, Reisner,
Rocher, Rocderer, Schmorl, Silverskiold,

Weil), still maintains that the formation of
spondylolyses can be explained on a con-
genital, developmental basis, However, he
also quotes the opinions of other authors
who postulate that the splitting is caused by
a scissorslike pressure action on the inter-
articular portion and resulting formation of
an Umbau (rebuilding) zone (Lane, Mou-
chet and Roederer, Turner, Myer-Burg-
dorff).

An intermediate position is taken by
Brocher, who has coined the concept of
dysplasia of the vertebral arch on the basis
of his roentgenologic observations and in
analogy to the concept of hip joint dysplasia
(Faber). According to him, the defective
anlage of the arch is present even in the
embryonal stage of development, but it be-
comes manifest only after the formation of
the bony vertebra and the functional de-
mands placed on the vertebral column, It is
possible that during the growth period adap-
tations take place and prevent the appear-
ance of an insuffictency. If during the period
of puberty no further growth takes place,
in-co-ordinated mechanical demands may
produce a manifest disruption of continuity
as the result of the dysplastic anlage.

Our clinical observations of the frequent
occurrence of other malformations of the
vertebrae associated with the presence of
spondylolisthesis—for example, failure of
the vertebral arches to unite posteriorly,
dysplasia of the articular pracesses or hypo-
plasia of the slipping vertebra—point to the
importance of disturbances in development,
as does the ncreased incidence in the pres-
ence of numerical variations (Willis). Willis
has pointed out that from the dorsal ver-
tebral blood vessels the nutrient artery en-
ters the vertebral arch at the nterarticular
portion. Therefore, 1t becomes clear that
the presence of dysplasia results not only in
mechanical but also in trophic growih dis-
turbances. These may lead not only to a dis-
ruption in the continuity of the vertebral
arch but also to a hypoplasia of the involved
vertebra,
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In our opinion, the increased famitial
incidence observed by Friberg and the
hereditary transmission  (Harbitz) \voEﬂd
point also to the involvement of congenital
malformation in the pathogenesis of spon-
dylolisthesis. In our opinion also, the ob-
servations of Stewart on the increased in-
cidence of spondylolisthesis in Eskimos liv-
ing north of the Yukon support the concept
of a hereditary etiology. This also has been
cited by Brocher.

A 4th possibility for the genesis of spon-
dylolisthesis—apart from the theories of a
congenital etiology, a purely mechanical
theory, and one due to dysplasia—is Hitch-
cock’s theory of premature trophostatic eti-
ology. The results of Hitchcock’s investiga-
tions do not make it clear how a one-sided
or a bilateral split formation in the arch of
the 3rd Iumbar vertebra could be possible
in the absence of any changes in the 4th
and the 5th lumbar vertebrae.

Finally, we should like to make note of
the so-called traumatic spondylolisthesis (Al-
bee, Ashbury, Boehler and Heuritsch, Dar-
ling, George and Leonard, Hadley, Holfel-
der, Lippens). It is not possible always to
separate from the literature those observa-
tions in which a traumatic formation of the
split is postulated by the authors—for ex-
ample, the extremely rare observation of
Bohler—and those in which a transition of
a spondylolysis into a spondylolisthesis is
meant.

Of course, it is true that many of
our patients blame a traumatic event for
their complaints, as will be discussed in more

detail. Only in 2 cases were fractures ob-
served, once of the transverse processes and
once of the pelvis. After considering the
mechanism of the trauma in these 2 cases,
we believe that the split formation in the
interarticular portion was not attributable
to the trauma. Neither would we jnterpret
Hadley’s observations on fracture lines, new
bone formation and callus in the spinal canal
as the results of trauma; we feel that for
the most part they represent spondylolyses

and spondylolisthesis with a “traumatic his-
tory.” i

A closer analysis of the literature is be-
yond the scope of this chapter. In summary,
we should like to confine oursclves to the
assumption that the lacge majority of cases
of spondylolisthesis arc due to 2 congemtz'xl
dysplasia of the vertebral arch, the mani-
festations of which appear relatively late.
With a few exceptions in which a plausible
traumatic mechanism is present, we are in-
clined to deny a traumatic etiology and to
cite in support of this view the publications
of Azema, Gerlach, Tumer and Markellow.

The contrasting observations on the ossi-
fication of the vertebral arch will be the sub-
ject of further investigations by us. In this
connection we should like to make some
observations on the ossification of the tar-
sal bone. We found that with flatfeet the
ossification of the calcaneus proceeded not
infrequently from 2 endochondral centers.
Similar observations were reported by Sever
in the American literature. We conceive of
this type of ossification process as an ir-
regularity caused by altered physical con-
ditions of the sphere of mechanical forces.
We wish to leave open the question whether
or not static moments in the ossification of
the neural arch could be responsible for this
abnormal course of ossification and explain
the somewhat conflicting histologic findings.

Whereas congenital factors in the etiology
of this entity appear to be more important
to us than expositional factors, we consider
a discussion of our observations under the
chosen title to be justified. The therapeutic
cornclusions that we have drawn from our
observations have permitted us to follow
a method of treatment that differs in sev-
eral particulars from the therapeutic meas-
ures of other authors. We should like to
mention that we feel that operation is in-
dicated in only a few instances.

OUTLINE OF PROBLEM

In the examination of our patients we
observed that occasionally patients with a
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L-3/4 = 3 Patients
=241%

L-4/5 = 28 (7) Patients
=22.59% (5.65%)

L-5/S-1 = 88 (31) Patients
=7098% (25.0%)

L-6/S-1 = 2 Patients
=1.61%

1.-3/4 4+ L-4/5 = 1 Patient
=0.81%

L-4/5 + L-5/5-1 = 2 (1) Patients
= 1.61% (0.81%)

Fi16. 1. Localzation of 124 cases of
spondylolisthesis secn over a 5-year period
(1950-1955) at the Orthopedic University
Clinic “Friedrichsheim,” Frankfort on
the Main, The figures in parentheses indi-
cate the number of female patsents or the
percentage of female patients in the total
patient population. The ratio of male to
female patients is 85:39 (68.55%.31.5%¢).

high degree of shpping of a vertebra com-
plained of minimal difficulties, whereas
others with minimal slipping of a vertebra
manifested severe functional disturbances.
This observation, which certainly can be
shared with the majority of orthopaedists,
has promptcd us to undertake a series of

ical and roentgenologic examinations of the
static conditions, we have paid particular
Attention to muscle stretching and sirain,
Furthermore, we have examined patients for
clinical signs of relaxation of the interver-
tebral disks and for disturbances in neuro-
logic function.

In addition to observations recorded pre-
viously in the literature, we believe that we
have made new observations deserving of
reporting. On reading the Iterature, one
easily may get the impression that the ap-
pearance of backaches and the roentgen-
ologic demonstration of a “split” in the in-
terarticular portion are sufficient to make a
morbid entity. Such a concept certainly is
incorrect. There is no lack of occasional hints
of clinical symptoms, but apart from the
investigations of Meyerding there are no
large series of studies of the chmical symp-
tomatology from the orthopaedic standpoint.
The observations of others—for example,
Ashbury, Azema, de Seze—may deal with
a group of patients who showed symptoms
different from those of our patients.

SURVEY OF OBSERVATIONS
DURING THE YEARS 1950 TO 1955

A survey of 124 patients with spondy-
lolisthesis observed and treated during the
past 5 years is given in Figure 1. This con-
firms the statements of other authors that
men are affected more often than women.
Of our patients, 85 were men and 39 were
women. Also, concerning localization we
found no differences from the data given
by other authors. More than two thirds of
the observations concerned the slipping of
the last Jumbar vertebra over the sacrum.
Next in frequency was the slipping of L-4
aver L-5. In only 3 instances did we ob-
serve a spondylolisthesis a1 L-3 to L-4. We
also observed 3 paticnts in whom 2 vertebrac
were affected, in 1 casc L-3/4 and L-4/5
and in 2 cases L-4/5 and L-5/5-1, The last-

ioned lo ion appears to be the

recise examinations in order fo blish
the clinically sigruficant contribution of
spondylolisthesis. Apart from mtensive clin-

rarest. Jt is not menuoned by Junghanns
in the new cdition of Schmorl-Junghanns,



FiG. 2. Male, born 1901, driver. Spon-
dylolisthesis of L-3 over L-4 and L-4 over
L-5. Roentgenogram taken in August,
1955. Complaints referable to the back
first experienced 8 years before.

Fic. 4 Male, born
1911, foundryman,
Roentgenograms of the
spine n different posi-
trons show how on ante-
flexion (left) the inter-
vertebral space between
L-4 and L-5 narrows in
1ts anterior portion,
whereas on retroffexion
(right) it widens anteri-
orly Clinically there
was no evidence of dam-
age of the disk.

F16. 3. Female, born 1938. Oblique
roentgenogram taken in June, 1954,
demonstrates  the  spondylolisthesis
split in a case of spondylolisthesis
involving L-4 over L-5 and L-5 over
S-1. At L4 the appearance of a
Scotch terrier with a neck collar
(Lachapele)} is clearly recognizable.
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FiG, 5. Male, born
1906, carpenter. Roent-
genograms taken in dif-
ferent positions demon-
strate that above the
level of the spondylolis-
thesis at L-5/S-1 there is
a distinct limitation of
motron at L-4/L-5. Ret-
roposition of L-4 over
L-5. The functional defi-
cit was related to dam-
age of the disk between
L-4and L-5.

which carries an exhaustive bibliography.
However, he cites the observation of Kovacs
that a split formation was demonstrated in
the interarticular portion of L-3, L-4 and
L-5.

As an example of spondylolisthesis af-
fecting 2 vertebrae, we should like to re-
produce the roentgenograms of a 54-year-
old patient. The lateral exposure shows
clearly the shipping of L-3 over L-4 and of
L-4 over L-5. Whereas marked changes are
found in the disk between L-4 and L-5, the
disk between L-3 and L-4 seems to have
remained as yet essentially intact (Fig. 2).

The demonstration of the roentgenologic
“split™ 1s recognized by us also as the key
to the diagnosis The best view of the split
is in oblique cxposures. Roentgenograms
tahen in the erect position from a distance
are used by us to estimate slipping and to
follow the course of the disorder in a given
patient (Brocher, Dittmar, Jacger, Gloricux,
Giintz, de Seze) For the evaluation of the
oblique exposures and for simple orientation,
we would renund one of the little dog that
Lachapele could recognize m the oblique

picture of the vertebral arch and the verte-
bral processes. If the dog appears to have a
neck collar, there is a break in the continuity
in the bony part of the arch (Fig. 3). In
Figure 3 one easily can recognize the for-
mation of splits in 2 vertebral arches. Usu-
ally the demonstration of this cleft is suc-
cessful with an oblique exposure when the
split may be present in scveral planes when
several vertebrae are affected. In our experi-
ence a degeneration of the intervertebral
disk is not to be expected in all instances,
as can be recognized from the motion pic-
tures in a 44-year-old patient. With the pa-
tient bending forward and backward (Fig.
4), onc can sec clearly that the inter-
vertebral space changes in its width, We
have observed also that the Joss of function
cannot always be traced to a degeneration
of the disk underlying the slipping vertebra,
as is demonstrated in Frgure 5. This is 2
49-year-old patient in whom the loss of
function was traced by clinical and roent-
genologic means essentially to damage of the
intervertebral disk at L-4 to L-5. This ex-
ample shows that localization of the func-
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F16. 6. Female, born 1909,
housewife. Follow-up roenigeno-
grams tahen in April, 1953
(left), and August, 1955 (right),
show an increase in the degree of
slipping of L-d over L-5. The
definite change in these findings
was faken as cvidence of in-
creased slipping of L-4, although
the 2 exposures were taken at
slightly different projections.

tional disturbance is effected well by the
taking of roentgenograms in various posi-
tions of the spine.

Our particular interest was devoted to the
question of whether or not further slipping
could be observed in the clinical course of
the slipping of a vertebra. In the German
Iiterature the slipping of a vertebra is con-
sidered to be an indication for surgery (M.
Lange). Actually, progressive slipping has

FiG. 7. Male, born 1919, excavation worker. In the follow-
grams taken in May, 1950 (left), and Au:

rarely been observed, as pointed out es-
pecially by Brocher and Friberg. This fact
has prompted Friberg to state that the fear
of further slipping should not be interpreted
as an indication for surgery.

We are able to communicate a few ob-
servations in which a progressive slipping
and a progressive narrowing of the inter-
vertebral space were noted. Examples are
a 44-year-old female, shown in Figure 6, and

. up roentgeno-
gust, 1955 (right), one can recognize

a progressive narrowing of the intervertebral space between L-5 and S-1 and
an increase in the anterior displacement of L-5 aver S-1.
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FiG. 8, Male, born 1935, locksmith’s apprentice. Follow-up roentgenograms of the

lumbar spine taken in April, 1951 (left), July, 1953 (center), and August, 1955 (right),
show the transition of a spondylolysis into spondylolisthesis with beginning anterior dis-
placement of L-5 over S-1 (Grade 1 Meyerding). The straightening of the lumbar
spine i the roentgenogram taken in 1951 is remarkable. In the last roentgenogram,
taken 1n 1955, the position of the lumbar spine js normal. There are no sigmficant

symptoms.

a 31-year-old male, shown in Figure 7. Of
71 patients who were followed for 3 or more
years, the observation of progressive slipping
was certan in 3 cases and probable in 2.
In 1 case, a l6-year-old youth, we were
able to observe how a spondylolysis pro-
gressed to the Ist grade of spondylolisthesis.
Roentgenograms  taken from a distance
(Fig. 8) show distinctly the changes in pos-
ture dening the clinical course. Whereas the
exposure taken in ]1951 shows a stretched,
straight posture of the lumbar spinc as an
expression of a protective posture (Giintz),
the later rocntgenograms reveal a progres-
sive normahzaton of the position of the
lumbar spine. The illustrations, and espe-
cially the roentgenograms taken in the vari-
ous positions, tllustrate that the separation

and the slipping of the vertebra may occur
before degeneration of the disk is recog-
nizable roentgenologically.

It was shown also that a disturbance of
function in the vertebral segment associated
with motion is not present always by any
means in the slipping vertebra, However, it
is obvious that, in the presence of a de-
generation of the disk, slipping of the ver-
tebra may occur sooncr. Even in the pres-
ence of a split in the interarticular portion,
the slipping does not have to be in the an-
terior direction, as is demonstrated in Figure
9. This is a case of spondylolysis in a 29-
year-old woman. One can scc that L-4 is
retropositioned over L-5. The dircction of
the displacement is determined by the posi-
tion of the small vertcbral joints, by the
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Fia. 9. Female, born 1926, housewife, At L-4 t_hcrc'is
a spondylolysis with typical split formation. Posterior dis-

placement of L-4 over L-5 can be recognized.

plane of the articular surface and by the
strength of the musculature and the liga-
mentous apparatus in addition to the strain
pressure,

Retroposition of one vertcbra over the
next vertebra below in the presence of a
damaged disk and with the prerequisite of
a normal position of the joints and strong
muscles with an intact ligamentous structure
has been described by Giintz as a differential
diagnostic criterion. Hirschberg and Brocher
were able to demonstrate this phenomenon
in experiments on the spinal column.

CLINICAL MANIFESTATIONS
OF DEFICIT

‘We shall report on 71 patients who have
been under treatment for prolonged periods

CLiNICAL COURSE RELATED TO COMPLAINTS

Pains EXPERIENCED DN:

NUMBER OF PREFERRED SPORT:
Patienys PosiTiION  a) before
AT WORK  b) after
Site of Stand- Walk-  Sit- Lying Up Down Lift- Stand- Sit- Mo- Making
Spondylolisthests ing ing ting  Down Steps ing ing  ting tion Diagnosis
14 Patients
1-4/5
Before Treatment 9 9 10 11 12 1 12 7 0 8 8
After Treatment 3 1 2 5 0 s 6 5 8 5
3 6 5 3 3 1 5
42 Patients
L5/81,16/S1
Before Treatment 27 21 29 31 28 8 30 11 6 29 28
3 1 1 3 1 2 3
After Treatment 7 4 5 2 5 6 8 9 12 34 6
8 10 11 8 7 2 16 2
3 Panents 2 z
13,4 before 1 1 1 3 3 0 3
L3/4 + 2 0 2 2
L4/5 after 1 1 1 2 1 1 1 2 2 0
L4/5 + 15/81 1 1 1

The chinical course related 1o individual complaints in 59

set lower in the respective horizontal rows indicate that symptoms were experien

rtain body positions and with certain restric

or that work was possible only in ce

patieats treated conservatively. Frgures

ced only occasionally

tions,
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of time at the Clinic. Fifty-nine patients
wete {reated conservatively, and 12 under-
went surgery. The number of patients sub-
jected to surgery is no greater among the
total of 124 paticats observed over the 5
years.
The table on page 79 summacizes the com-
Plaints of 59 patients treated conservatively.
Although one deals here with the subjective
complaints of patients who differ widely in
their semsitivity to expericnce  symptoms,
nevertheless, in our opinion, valuable con-
clusions can be drawn from this summary.
Patients were asked about pans on stand-
ing, walking, sitting, lying down, climbing
steps and lifting objects. In addition, the
patients expressed the position of the body
that they favored in their work and in their
Sports aetivities. As was to be expected, most
patients complained of pains when lifting
objects, Almost of cqual frequency were
complaints of pains on climbing ~teps. Re-
makably large was the number patients
wha complained of pains on sittin, - Few pa-
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position includes paticnts with 'rclnxnlion or
loosening of the intervertebral disk. Thelarg-
est group consists of those patients \yljo have
pressure pains in the recumbent position and
clinically have percussion tenderness over the
spinous process of the loosened part of the
arch. This is an expression of the loosening
of the arch demonstrable on operation. Pa-
tients protect their painful kyphosis in the
presence of a loosened disk by placing a
board under the mattress. They protect
themselves from pressure pain over the
spinous process of the loose arch by assum-
ing the lateral position. This explains why
eventually most patients have no complaints
or minimal complaints when in the recum-
bent position, once the factors that bring about
the pain have been elucidated and the pa-
tient has been given appropriate instructions.

During work it appears to be essential
that the muscles be tensed and relaxed al-
ternately. Therefore, most patients prefer
an occupation in which they have an op-
portunity to move the body. Muscle exercises
will have a favorable influence on the power
to support the spinal column. Usually it
would be a mistake to advise a sedentary
job in the belief that such would relax the
strain on the spine,

We have pondered whether or not root
irritations could be the cause of the com-
plaints in our patients, especially since the
percentage of patients with neurologic symp-
toms has been reported to be very high by
some authors (Ashbury in two thirds of his
cases, Azema in 50% of cases, de Seze in
over 60%). In our patents treated con-
servatively, only 6 out of 59 manifested
neurologic symptoms. In this respect our
observations are in agreement with those of
Meyerding, who found mamfestations of
root compression in only 80 out of 745
cases. If we can find no grounds for at-
tributing the complaints to root irritation,
then we have to assume that muscular causes
are responsible for the symptoms in the ma-
jority of cases. The cause of the pains would
be an increased tonus of the musculature,

Fi6. 11. Male, born 1910, construction
worker. Spondylolisthesis at 1-5/S-1 as-
sociated with straightening of the lumbar
anc.l the thoracic spine. Onset of com-
plaints 3 years before, Roentgenogram
taken in August, 1955,



80 Dysplasia of Neural Arch and lIts Clinical Manifestation

of time at the Clinic. Fifty-nine patients
were treated conservatively, and 12 under-
went surgery, The number of patients sub-
jected to surgery is no greater among the
total of 124 patients observed over the 5
years,

The table on page 79 summarizes the com-
Pplaints of 59 patients treated conservatively.
Although one deals here with the subjective
complaints of patients who differ widely in
their sensitivity to experience symptoms,
nevertheless, in our opinion, valuable con-
clusions can be drawn from this summary.
Patients were asked about pains on stand-
ing, walking, sitting, lying down, climbing
steps and lifting objects. In addition, the
patients expressed the position of the body
that they favored in their work and in their
sports activities. As was to be expected, mast
patients complained of pains when Tifting
objects. Almost of equal frequency were
complaints of pains on climbing steps. Re-
markably large was the number of patients
who complained of pains on sitting. Few pa-

|

tients were able to pursue a sedentary oc-
cupation. We should like to see in this an
expression of the impossibility of a further
kyphosis of the spinal column in the pres-
ence of maximally stretched muscles of the
lumbar segment of the back. One deals here
probably in only a few instances with a
marked instability of the disk plate, the
clinical picture of which has been described
by Giintz as “loosening of the disk.” This
statement is supported by the rare occur-
rence of pain on descending steps, the *‘pok-
ing pain” of the vertebral column. Never-
theless, complaints of this type were more
common with lesions involving L-5/5-1, as
was observed also by Brocher in 2 cases.
In such instances one deals with a loosening
of the disk, ie., a stage in which further
slipping may be expected. An example is
a female with a spondylolisthesis at 1-4/5
who complained of pains on descending
steps and in whom further slipping actvally
occurred (Fig. 6).

Not so common were complaints of symp-
toms experienced on walking. Thus, only
half of the patients with spondylolisthesis
of L-5/S-1 voiced such complaints. The
reason for this may be the possibility of al-
ternating, short-lasting relaxation of the
strained muscles of the back.

The number of patients complaining of
pains in the recumbent position is remark-
ably high. However, one has to COK.ISidCK that
patients with kyphotic Jumbar spincs \v{len
lying on soft surfaces ordinarily have sim-
ilar complaints to those that they experi-
ence on sitting. A further group ot patients
who experience symptoms in the recumbent

Fic. 10. Summarizes the types of spinal columns in spundylo\islhesis in the patients

treated conservatively by the authors:

L-4/5 ... ... . ... ...14 patients
L-5/5-1 . .39 patients
L-6/5-t . 2 patents
Others <. 3 patents

The figures in parentheses refer to females. 1 female, who

Type Type 2 Type 3
(LI;/I) (Center) (Right)
1 3 10
9(2) 18 (2) 12(3)

— 1 i
—_ 3

also had a tuberculous

spondy huss of the lumbar spine, was not included here.
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Fic. 14. A 36-ycar-old patient with spondylolisthesis at L-5/5-1. Marked strain of
the extensor muscles of the lumbar spine is clearly recognizable even in the resting posi-
tion (lef1). Protective posture of the lumbar spine with marked fixation becomes dis-

unctly evident on ventral flexion.

most commonly in juvenile patients at the
onset of their complaints. The 2nd type con-
sists of a stretched posture limited to the
lumbar segment of the spine; it is en-
countered in older patients, especially in
the subacute stage. It may be observed
also in older patients in whom the thoracic
spine permits only a limited extension. In
such cases the entire upper portion of the
body is tilted backward. In the 3rd type a
significant alteration of the spinal curves
is not recognizable. This type is observed
with fibrous stiffening of the segment in-
volved in motion. Roentgenologically one
finds a narrowing of the intervertebral space
and reactive changes in the form of console-
like excrescences. In this group we see spon-
dylolisthesis as an accidental finding without
clinical significance, The different posture
types can be demonstrated well by means
of roentgenograms taken from a distance.

In order to demonstrate also the postural
changes of the thoracic segments, we have
mounted the roentgenograms of the thoracic
spine taken in the erect position over the
lumbar spine, Figures 11 to 13 illustrate the
3 postural types as they appear in roent-
genograms. The same changes are expressed
also in the clinical picture, although here

the strained muscles may protrude so far
over the spinous processes that the ex-
aminer may fail to notice a flattening of the
lumbar curve, But always we can observe
the fixation of the spine on motion as il-
lustrated in Figures 14 and 15. The most
severe muscle strain can be observed at
the onset of the complaints. Patients with
strong muscles permit the recognition of a
saddle-shaped flattening of the lumbar spine
sooner than do patients with weak muscles.
In the latter, kyphosis of the lumbar spine
on straightening of the pelvis may remain
even after the end of the acute stage.

We believe that we are justified in con-
cluding from our observations that the back-
aches and the “sciatic pains” in the majority
of patients are caused by muscle strain, In
this connection, apart from strain of the
back muscles, we found also straining of the
ischiocrural musculature in 16 cases. The
most severe disturbances of posture are
found in those who have a loosening of the
intervertebral disk. This observation often
is made with only minimal slipping corres-
ponding to Meyerding’s Grade 1. In this
connection we should like to confirm the
observations of Glorieux and Roederer that
the onset of complaints coincides with the
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which is tensed maximally in order to secure
a protective posture. Stretched positions of
the spine are clearly recognizable in the
roentgenograms.,

Three typss of posture could be differ-
entiated; they are summarized in Figure 10.
The Ist type, which consists of a stretched
posture of the enure spine, is encountered N

o F16. 12 (Left). Male, born 1910, locksmith. Spondylo-

listhesis at L-5/S-1 {ated with straightening of the lum-
bar spine and wide, arched lumbar scoliosis. Frequently
such scoli show no comp 'y curves at the thoracic
level. In this case the thoracic spine manifested a normal
degree of kyphosis. Roentgenogram taken in August, 1955,
Onset of complaints 12 years before.

Fi16. 13 (Bottom). Male, born 1919, potter. Roentgeno-

* gram taken in August, 1955, Spondylolisthesis at L-4/L-5

with normal curves of the spinal column in the sagittal plane.
11 years previously the patient was in an accident, in which
he suffered compression trauma of the back and tear frac-
tures of the right transverse processes between L-2 and L4,
since which time he had suffered backaches.
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SUMMARY

After a short survey of normal ossifica-
tion of the vertebral arch, the various theor-
ies of split formation in the interarticular
portion were discussed. The authors are of
the opinion that dysplasia of the vertebral
arch (Brocher) is a prerequisite of the for-
mation of the split.

The authors report on 124 cases of spon-
dylolisthesis, including 3 cases involving the
slipping of 2 neighboring vertebrae. Seventy-
one patients were available for prolonged
observation and critical re-evaluation,

Since symptoms of neurologic deficit were
demonstrable in only 6 instances, the authors
consider it improbable that root irritation is
responsible for the symptoms complained of
by the majority of patients with spondylolis-
thesis. Numerous patients manifested de-
fective postures of the spine either confined
to the lumbar portion or involving the entire
spinaf column. Such protective postures have
been described as clinical symptoms of re-
laxation of the intervertebral disk (Giintz).
In some patients it was possible actually to
demonstrate clinically the presence of disk
relaxation. In these patients the possibility
of progressive vertebral slipping was as-
sumed and could be demonstrated actually
by roentgenologic means. Apparently the
onset of clinical complaints coincides with
the onset of shipping. In the majority of cases
the complaints were characterized by muscle
strain that extended up to the thoracic part
of the back muscles and down to the ischio-
crural muscles (pseudosciatica).

In spondylolisthesis a mechanical insuf-
ficiency of the passive motor apparatus leads
o a stramming of the musculature. The
strength of the musculature and of the liga-
mentous apparatus, the condition of the disk,
and the mechanical properties of the inclina-
tion of the slipping vertebra and of the slip-
ping surface determine the course of the
shpping. Before embarking on treatment it
is necessary to establish what causes symp-
toms. In treating spondylolisthesis, one can-
not treat a single enuty, wstead, one has to

treat various disturbances of the motor ap-
paratus of the spine—for example, relaxa-
tion of the disk, muscle strain and, in rare
instances, root irritation. By means of an
exact analysis, aimed therapy becomes pos-
sible,

Of 124 patients, 12 were treated surgic-
ally. The indications for surgery are as fol-
lows:

1. The lack of significant improvement
after a year of conservative therapy (also
after the wearing of a support)

2. Recurrent sciatic root pain in the pres-
ence of spondylolisthesis

3. Demonstrable progressive slipping of
vertebra in the presence of disk relaxation
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deutsch. Réntgen

Dysplasia del Arco Neural e su Manifestation Clinic (Spondylolisthese)
Eduard Giintz e Kurt Schliiter

Summario in Interlingua

Post un breve revista del normal ossifica-
tion del arco vertebral, le varie theorias del
formation findite in le portion interarticular
es discutite. Le autores opina que dysplasia
del arco vertebral (Brocher) es un precondi-
tion pro le formation del fissura.

Le autores reporta 124 observationes de
spondylolisthese, includente 3 casos de dis-
placiamento de duo vertebras adjacente.
Septanta-un patientes esseva  dispondibile
pro observationes prolongate ¢ re-evalua-
tiones critic,

Proque symptomas de deficit neurologic
esseva demonstrabile in solmente sex casos,
!e autores considera como improbabile que
irritation de radice esseva responsabile pro
le symptomas del quales se plangeva le ma-

joritate del patientes con spondylolisthese.
Numerose patientes manifestava defective
posturas del spina dorsal in tanto que le
erectura esseva restringite al portion lumbar
del spina dorsal o involveva le spina in-
tegre. Tal posturas protective ha essite
describite como symptomas clinic del relaxa-
tion del disco intervertebral (Giintz). In un
certe numero de patientes il esseva de facto
possibile demonstrar clinicamente le presen-
tia de relaxation de disco. In iste patientes
le possibilitate de progressive displaciamento
vertebral esseva stipulate e se provava de
facto demonstrabile per medios radiologic.
Le declaration de disturbationes clinic coin-
cide apparentemente con le declaration del

displ 0. In le majoritate del casos le
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disturbationes esseva characterisate per un
tension muscular que se extendeva in alto
usque al parte thoracic del musculos dorsal
e in basso usque al musculos ischio-crural
(pseudo-sciatica).

In spondylolisthese un insufficientia del
passive apparato motor resulta in un tension
del musculatura. Le fortia del musculatura
e del apparato ligamentose, le condition del
disco, e le qualitates mechanic del vertebra
e del superficie involvite in le displaciamento
es le factores que determina le curso del
displaciamento. Ante que on initia le thera-
pia il es necessari establir le causas del
symptomas, Quando on tracta spondylolis-
these on non pote tractar un entitate isolate.
In loco de isto, on debe tractar varie dis-
turbationes del apparato motor del spina

vertebral, per exemplo le relaxation de dis-
cos, tensiones muscular, € in rar casos le
irritation de radices. Per medio de un exacte
analyse on pote elaborar un therapia a ori-
entation planate.

Ex le total de 124 patientes, 12 esseva
tractate chirurgicamente. Le indicationes
pro intervention chirurgic es le sequente:

1. Le absentia de significative meliora-
tiones post un anno de tractamento con-
servative (includente le uso de un apparato
de contention).

2. Recurrente dolores sciatic de radice in
le presentia de spondylolisthese.

3. Demonstrabilitate del displaciamento
del vertebra in le presentia de relaxation de
disco.
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Splinting for Controlled Movement

Denis BrRownEg, F.R.C.S.*

PREVIEW

In this chapter it is suggested that certain
congenital deformities are caused by me-
chanical forces acting on the fetus in utero,
and that from this hypothesis of causation
valuable principles in treatment may be de-
duced. These principles are (1) that similar
forces to those assumed to have caused the
deformity should be used to reduce it and
(2) that it is essential to allow active move-
ment during the process of correction in
order to counter the bad effects of immobili-
zation and displacement of the parts con-
cerned before birth.

In order to observe these principles, vari-
ous original splints and devices are de-
scribed, together with the common variations
and modifications of them. These modifica-
tions are criticized, and reasons for not con-
sidering them to be improvements are given.

The conditions descnibed are:

1. The 3 standard varieties of molding
of the feet: clubfoot; metatarsal varus; meta-
tarsal valgus.

2. Congenital dislocation of the hip

3. Congenital postural scoliosis, which
is argued to be the early stage of “idiopathic
scoliosis™

4. Sternocleidomastoid torticollis

DEFINITION OF SPLINTING

Splinting may be defined as the control
of movement of bones by artificial means. It
can be of 2 kinds: the first is immobiliza-

*Surgeon to the Hospital for Sick Children,
Great Ormond Street, London

b

tion to eliminate all movement; the second
is controlled movement, in which certain
movements are prevented as harmful and
others are permitted as beneficial. For cer-
tain conditions, such as inflammations and
fractures, complete stillness is needed during
healing, but I would suggest that there are
other types of human ills for which the best
treatment includes the encouragement of
growth and the development of muscle bal-
ance given by controlled movement.

The method of treatment outlined here
is based upon two of the teachings of Hip-
pocrates: the first is that certain deformities,
such as talipes, are due to mechanical mold-
ing in the uterus before birth; the second
is that active use encourages growth and that
its lack causes atrophy,

I have stated elsewhere! my reasons for
accepting the first assumption, and I know
of no reasonable attempt to controvert them
by anyone who has studied what they ac-
tually are. The difficulty about getting them
accepted generally is that they depend not
upon experiment, that is, deliberate alter-
ing of the course of nature, but upon obser-
vation and reasoning, To take classic exam-
ples, the difference between the experimental
method and the observational one is the dif-
ference between Pasteur and Harvey on the
one side and Newton and Einstein on the
other. It seems to me a pity that at present
medicine depends almost entirely upon ex-
periments, influenced by the brilliant results
gained in this way in the past.

These mechanical inter-uterine forces may
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have 4 effects, the consideration of which
gives useful clues to treatment,

MOLDING

If one assumes that parts of the body can
be molded before birth in the way that it
is admitted universally that they can be
molded afterward (in such instances as the
feet of Chinese ladies) we are led toward
the assumption that the best way to cor-
rect these moldings would be to use similar
forces in the reverse direction,

The characteristics of these forces are:

1. They are persistent and so differ com-
pletely from manipulations in which a con-
tracted part may be stretched but on the
cessation of the manipulation is allowed to
contract again.

2. They are varying or pulsating, chang-
ing in force with the movements of the
fetus, and so differ from the unchanging
pressure given by a plaster cast. This is most
important, as such pulsations pump the
blood through the tissues, so avoiding that
stagnation that is one of the main factors
in pressure sores. In this way pressures far
greater than those permissible by means of
immobilization may be used safely.

3. They are distributed widely by soft
surfaces, in particular the uterine walls,
which yield over bony points and so avoid
pressure necrosis in these sites.

4. They produce no friction, owing to
the lubricating effect of the fluid surrounding
the fetus,

DISPLACEMENT

This is obvious enough in such conditions
as congenital dislocation of the hip, due to
a thrust on the knee, or dislocation of the
knee duc to the leg’s being in a wrong posi-
tion with the foot up by the head.

PRESSURE DYSPLASIA
This is a failure of development in the
past combined with a defici power of
growth in the future A familiar example
is the deficient growth on the inner side of

the foot and ankle in a clubfoot deformity,
due to the compression of these parts be-
fore birth, the result being the notorious
tendency of such feet to turn into varus as
development proceeds, even after marked
valgus has been produced by treatment.

DISUSE DYSPLASIA

This effect is due to Jack of the stimulus
that only active movement of parts in their
correct relationship can give. The best ex-
ample is the shallow acetabulum and poorly
developed head of the femur seen in con-
genital dislocations of the hip which have
been reduced too late, and so have been de-
prived of the normal stimulus of use in the
period of most active growth.

Now, if there is this failure of proper
development to start with, and if develop-
ment depends on active movement, it is
surely inadvisable to try to correct such de-
formities by immobilization and consequent
abolition of use. Apart from the lack of the
stimulus of growth provided by action, im-
mobilization of a bone-joint-muscle system
has another result, whose exact mechanism
is in doubt—the stiffening of joints by peri-
articular infiltration and fibrosis According
to the reasoning I have used, this stiffening
of joints, as well as atrophy of muscles, can
occur before birth as well as afterward. It is
obvious that it should be avoided if possible.

The present almost universal method of
immobilization is by means of plaster of
Paris molds or casts. They have the ad-
vantage of fitting the body exactly and being
(perhaps deceptively) easy to apply. But
apart from the general disadvantages of
immobilization which have been sct out,
plaster of Paris has certain particular draw-
backs, especially when used on the very
young: o

1. Being hard and ngid, it ls_very apt
to produce a sorc over a bony point.

2. Being inextensible, it may produce
disasters if put on too tightly or if sw_cl}mg
oceurs beneath it. This is because ofa vicious
circle in which tightness produces swelling
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from interference with venous and lymphatic
circulation. This interference produces more
swelling, and so on, till complete stasis and
gangrene of greater or less extent ensue.

3. Being absorbent of fluid, it soaks up
urine, and as a result becomes both offen-
sive and inefficient.

It needs to be stated that at the present
time the range of generally accepted splints
is remarkably inefficient. For instance, the
commonest of all elements in deformities of
the foot is equinus, yet there is no classic
splint that will keep the opposite position
of calcaneus; the stock tin shoe will not even
keep the foot at a right angle to the leg.
There is no classic splint that will correct in
infancy that congenital postural scoliosis
which later on turns into the intractable and
crippling condition of “idiopathic scoliosis™;

no device that will control a torticollis short
of immobilization in a most uncomfortable
plaster cuirass; no really efficient splint to
correct bandy legs or knock knces; nor one
to correct wrong pointing of the feet. The
consequence is that vast numbers of unneces-
sary osteotomies and divisions of the tendo
achillis are performed which could be
avoided casily by better surgical mechanics,

Now, to design splints that will control
movement without eliminating it completely,
I think that the important principle is that
as the muscles and the joints work in a
series of lever actions, the best way to con-
trol them would be by means of a counter-
balancing system of levers. This sounds
platitudinous, yet it is not easy to cite a
classic splint that works on this principle;
and the modifications made to my splints

Fic 1. The hobble splint showing the left footpiece connected to
the crossbar, and the serrated cone friction joint on the right side,
with the washer and the nut which fix it in any desired position, 'l'he,
metal blank for the footpiece also is shown, marked in order to 'show
s proper proportions of 5 equal squares arranged in an L-shape
To correct a clubfoot, the footpiece finally 1s rotated outward until tFl,xe
affected feet are at right angles to the sagittal plane (pointing due east
and west), The “box-type” spanner shown is the most convenient form

for adjusting the friction joints.
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F1a. 2. Showing the correct use of the
legpiece of the hobble splint to produce
valgus of a clubfoot. Note that a thick pad
of several layers of adhesive felt is stuck to
the foot (not to the sphnt) just under the
cuboid bone, If this is done properly, the
legpiece should stand out from the Jeg as
shown. Then when the legpiece is strapped
in to the leg, the whole foot, mncluding the
heel, is swung into valgus. It 1s particularly
in regard to the control of the heel that it
is a bad mistake to remove or shorten this
legprece.

suggest that many surgeons do not see them
as Jever systems but as “cases” of the type
of tin shoes, etc.

The next point to consider is how the
forces produced by the system of levers in
the various splints are to be applied. I have
said already that the molding forces which
are assumed to have caused the deformity
should be mitated in correcting it. The
characteristics of their pressure are pulsa-
tion, distribution and lack of friction. The
pulsation can be supplied by the instinctive
movements of the child, which are particu-
larly powerful and persistent during infancy;
an older child or an adult may le quiet in
a splint, but a baby responds to the force it
exerts by fighting 1t continually, even if
contentedly, all the time st is awake.

The softness and the distribution of the
correcting pressure are obtained by using

adhesive plaster and, in particular, adhesive
felt as the means of applying it (see Fig.
7). In addition to adjusting themselves to
any bony points, these preparations elim-
inate friction, since they do not move on the
skin. In this way they avoid a cause of
soreness which is only too well known to
anyone who has done a long march.

THE HOBBLE SPLINT
FOR CLUBFEET

This splint (Fig. 1) has 3 levering actions
in the feet, 2 of which are eliminated par-
tially or completely in the common modi-
fications of it. The first is the connection be-
tween the feet which enables one of them
to be controlled by the other in certain
planes, particularly as regards rotating them
inward or outward in relation to the body
as a whole. The second is the control of
equinus, gained by the side lever or legpiece
so frequently cut off or shortened to an ex-
tént that stops its action. The third is the
control of varus, gained by the same out-
side lever, assisted by packing adhesive felt
under the outer side of the foot. This is
perhaps the most important of all its ac-
tions, as it is the persistence or the recur-
rence of varus which is the main element
in crippling from the deformity of the club-
foot. If applied properly to give pressure
under the cuboid, the packed felt will pre-
vent the disastrous deformity of rocker foot.
(Fig. 2.) . )

The main modifications of this splint
which I know of, and none of which I re-
gard as an improvement, are:

1. The removal or the cutting down to
a rudimentary size of the outside lever or
tegpicce. Apart from its function of forcing
the ankle into valgus, this part of the splint
gives the main grip on the Timb to keep ghc
Teel down; therefore, it is rather annoying
to find a surgeon who has abolished this
part of the splint criticizing it on the grounds
that it will not hold an infant's fo'o!. .

2. The bending of the connecting bar in
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order to give valgus to the ankles, This is
very much inferior to the proper use of the
outside lever combined with adhesive felt.

3. The Jengthening of the connceting bar.
I cannot sce the point of this, though I
have known it to be done with the idea of
giving abduction of the hips and so correct-
ing their congenital disfocation. In my opin-
ion, abduction of the hips in this condition
needs to be combined with extreme flexion
10 bring the head down and forward into
the acetabulum.

4. The application of the splint with the
footplece fixed to the connecting bar. It is
hardly necessary to point out the complete
fajlure to understand the mechanics of the
various levers shown by this.

5. The padding of the splint instead of
the child, This atready has been condemned
as not climinating friction.

6. The adding of a spike behind the sole
plate. There can be no point in this if ad-
hesive plaster and not bandages is used, as
the former certainly will not slip oft the
angle on the proper model. 1t seems to me
the only effect will be upon the sheets on
which the child lies.

7. The shaping of the solepiece to cor-
respond to the foot. This very common
modification shows that those who make it
do not understand that the projecting ex-
terior-anterior angle of the proper oblong
shape is there for the purpose of pulling
the forefoot toward it, and so correcting
metatarsal varus.

8. The fitung of universal joints to the
footpiece holding the normal foot in uni-
lateral cases, This is a curious modification
which does away with the fundamental prin-
aple of the splint, the control of one foot by
means of the other. In the version I have
tnspected, the universal joint permuted the
baby to twist its deformed foot completely
m the footpiece, as it would have done
had there been no connection to the other
foot at all.

/9. The complicated fixings of the foot-
piece 1o the connecting bar. The device of

“

Fii. 3. Case of severe clubfoot,
aged 12 days.

pinning a serrated cone on the footpiece into
a corresponding depression in the bar is
stronger, cheaper and more efficient than
any of the many complications that I have
sesn,

10. The use of thumb-screws, instead of
nuts tightened to fix the footpieces by a
cross-handled spanner,

11. Wrong curves 10 the Jegpiece. When
this part of the splint is the proper length,
it is important to have it bent in the proper
curve. This bulges outward to clear the
external malleotus, which otherwise is liable
to develop pressure sores, then comes inward
to meet the outer side of the leg, and finally
bends outward sharply at its top to avoid
digging into the skin at this point.

12. Wrong proportions of the splint in
general. The simple rule that the footpiece
is compased of five squares will give its
proper shape (see Fig. 1).

THE EQUINUS SPLINT

This removable splint has many functions,
depending on its pawer of reversing the very
common equinus element in foot deformities
and combining this with turning the feet in
or out and into valgus or varus.

In addition to being absolutely indispensa-
ble to combating the differential growth of
the inner and the outer sides of the ankle
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FIG. 4, The same case as Figure 3, aged
18 months, wearing the equinus night
splint with jointed connecting bar. Note
the 3 actions—to turn the feet outward, to
pull them up into calcaneus and to twist
them into valgus. This sphint must be worn
at night for at least 5 years to counteract
the differential growth of the inner and the
outer sides of the foot.

which turns the corrected clubfoot from
valgus to varus, this splint is extremely use-
ful in three other conditions:

1. The very common form of poliomye-
litis that causes paralysis of the extensors
and the peronei.

2. The invariable setting down into the
equinus of the spastic foot.

3. The rare but annoying contraction of
the calf muscles that some strong normal
children develop owing to walking persist-
ently on their toes. Vast numbers of divi-
sions of the tendo achillis and rotation oste-
otomies can be avoided by the use of this
splint. The splint consists of:

A. An open-ended bootee to hold the
foot. The laces should not come so high on
the ankle as to become tight when the foot
is pulled up into equinus

B. A padded ankle band separate from
the bootee which can be pulled tightly round
the thin part of the ankle.

Fic. 5. Equinus night splint arranged
for 2 left unilateral clubfoot, showing the
use of a stmple bootee on the normal foot
to give a purchase for the turning out of
the affected one. This model is a recent
improvement on the one shown in Figure
4, the posterror strut being fixed to the
soleplate of the bootee by mcans of a dou-
ble hinge universal jont instead of to the
ankle strap,

C. An extensible metal strut running
up the back of the leg and holding up:

D. An upper band, which fits fairly
loosely round the calf just below the knee
and affords an anchorage for:

E. A strap which passes through and
pulls upward:

F. A lever on the front part of the
underside of the soleplate which can be ro-
tated and fixed so as to pull the foot cither
straight upward, into valgus, or into varus as
the condition demands.

G. A connecting link with two joints
which permuts the feet to be rotated cither
inward or outward in relation to the body
as a whole, by means of joints similar to
those in the hobble splint (Figs. 4 and 5).
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FiG. 6. Another view of the latest model
equinus splint, showing the fixing of the
extensible posterior strut to the solepiece
by 2 hinges at right angles to each other.

MODIFICATIONS

Tt is not yet well enough known to have
many modifications made of it, the com-
monest being the addition of a strap over
the instep to keep the heel down. This has
the not inconsiderable disadvantage of stop-
ping the foot from being pulled up into
equinus, which 15 the main purpose of the
splint. It comes from a failure to see that
the heel is kept down by a tight grip on the
leg just above the swelling of the malleoli.
This, in turn, may come from a very com-
mon fault in manufacture, which is the plac-
ing of the ankle band so low, in an attempt
to save leather, that it comes on the mal-
leoli mnstead of well above them.

METATARSAL VARUS SPLINT

This is simply the footpiece of the hobble
sphnt. Its application is shown in Figure 6.
It is obvious that if the shape of the sole-
plate were modified to that of the normal
foot, the whole action would be lost.
METATARSAL VARUS NIGHT SPLINT

This is a simple bootee with a curve of

-
ot pmh
Pacis

Fi6. 7. Showing the correction of a
metatarsal varus by means of the footpiece
of the hobble splint, there being no need
for the connecting bar jn most of these
cases. First, the foot is bandaged to the
legpiece so that its anterior part projects
inward from the solepiece, being held so
by a thick pad placed over the apex of the
curve of the deformity. Then the foot is
bent into a reversed curve over this pad as
a fulcrum and bandaged into position with
adhesive tape.

the sole which reverses the original curve
of the foot and a strap which holds the foot
to that curve (Figs, 7 and 8).

METATARSAL VALGUS SPLINT
This is the footpiece of the hobble splint
again, but left in a flat L-shape instead of

having the legpiece bent up at right angles
(Fig. 9).

METATARSAL VALGUS
NIGHT SPLINT
‘This is a bootee with an inner lever and

strap to bring it into the leg and, in con-
sequence, keep the ankle in full varus,

INFANTILE SCOLIOSIS SPLINT
A.ccording to the theory of the intra-
}ltem;e production of certain deformities, the
intractable and crippling condition of “idjo.



Fic. 8. A pair of metatarsal varus feet that have been corrected in the way
advised. Note the deep indentations, which can be made safely by pressure
with adhesive felt. If similar pressure were put on by plaster of Paris, the result
would be a deep slough.

Fic. 9 Correction of a metatarsal valgus mli'pes in an infant. The
sphnt used 15 the same L-shaped piece of aluminum as in the hobble
sphint, but without the bending up of the legpicce. First the fco!hxs
strapped to the solepiece with a small pad of adhesive felt ur]dcr; ICI
prolapsed tarsal bones of the instep, then the ankle is forced into fu
varus by bringing the legpiece up to the leg.



Hip Splint For Congenital Dislocation of the Hips 99

\”_~

FiG. 10. Scoliosis sphnt, showing how original scoliosis curve, convex to the left, is
kept reversed although the child can move freely.

pathic scoliosis” is a congenital postural
scoliosis, due to the child's lying in utero
with a slight lateral bend in the spine. Usu-
ally it is undiagnosed during its early, in-
conspicuous and curable stage, and the
“plaster bed” that is the stock corrective is
difficult to make, soon becomes small, and
at best is a’ very inefficient mechanism to
reverse the deformity.

The splint shown in Figure 10 consists of
a flat plate of aluminum covered with sponge
rubber. Along one side of it is a curved
wall of similar construction, into the curve
of which the baby is held by a broad padded
band adjusted to the apex of the original
scoliotic bend. There are two holes in the
wall, toward either end of it, and the ap-
propriate arm of the child is brought through
one of these to lock it in position. In this
apparatus the child can lie comfortably and
perform almost any movement, with the ex-
ception of getting its spine out of a curve
which is the reverse of the original one.
Also, it can be carried about easily, which
is a point of considerable importance.

MODIFICATIONS

The only one I have encountered so far
is the straightening out of the curve in the
wall where the child’s head comes. This does
away with a good deal of its effectiveness.

HIP SPLINT FOR
CONGENITAL DISLOCATION
OF THE HIPS

The idea on which this splint is designed
is that the head of the femur has been pushed
backward out of the acetabulum by pres-
sure on the knee with the thigh fully flexed
in the intra-uterine position, To get the head
back into position, it is necessary first to flex
it fully on the body and so bring the head
back into the track along which it was dis-
located. Then the actual pnmary reduction
is performed by pressure wpward and for-
ward on the greater trochanter, while the
child lies on its face, thus reversing the
original thrust responsible for the displace-
ment. This thrust along the axis of the femur
gives much easier reduction with far less
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F16. 11. Posterior view of splint for con-
genital dislocation of the hip, showing the
pad of sponge rubber over the sacrum,
which acts as a fulcrum to enable the
kneestobe pulled backward, and the braces,
which stop the hips from being extended.

pressure on the femoral epiphysis than the
classic levering actions of Lorenz. Once the
head is in the acetabulum it can be kept
there, because the only way it can escape

FiG. 13, Case of congenital
sternocleidomastoid torticollis.

is backward, and this can be prevented by
complete abduction of the knee, which
pushes it forward on the fulcrum of the ilio-
femoral band. So long as the knce is kept
right back, a fair amount of movement is
permissible, which works the head into the
socket and stimulates its growth,

Fia. 12. Anterior view of splint for congenital dislocation of the hips.
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The splint consists of a bar, extensible
to atlow adjustment with growth, and padded
malleable metal rings to fit the thighs at
cither end. Where the bar passes over the
spine © large sponge rubber pad is fixed on
it, and it s prevented from slipping down
by simple braces of woven fabric over the
shoulders (Figs. 11 and 12},

MODIFICATIONS

1. 1 mysell have changed the original
position of the bar from the front of the

body to the back, to give greater abduction
of the thighs.? .

2. Superficially simitac farms of splint
are made with a rigid corset round the body,
which does away with the powerfuf, though
fimited, movements of the thighs which are
the most important factor in developing the
hip joints.

3. There are versions with small wheels
under the thigh bands so as to alfow the
child to skate about face downward. This
does away with the powetful action of the

Fia. 14. (Lefr) This is the same case as in Figure 13
of the upper ¢nd of the sternocleid id in Ewitha oy

ter open division

Note the inextensible band of adhesive ta) ich s

! pe round the head which st
to which the straps are fastened from stipping off. (Righr) Bac}: vxes
harness, showing the padded webbing strap passip

sad-theneck, crossing over the
TOnLIte nos

ear, and the 2 ends fixed 1o the Ynen ca

of the lower end.
ops the Iinen cap
w of the torncollis
hv safety pins,

N
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thigh muscles which is produced by efforts
to crawl and to walk in the splint,

TORTICOLLIS CONTROL

I treat the form of torticollis caused by
contraction of the sternocleidomastoid by
dividing this muscle through an open in-
cision at its upper end, and by a tenotomy
just above the clavicle. In this way one
gets very free relaxation, with inconspicuous
scarring. Afterward it is necessary to hold
the neck in the reversed position while per-
mitting free movement, and so gaining the
muscle balance which is so important to
maintain correction. A linen cap is made to
fit the skull closely, and this is fixed in posi-
tion by binding it round by inextensible
sticking plaster, in the line of the forehead
and the occiput, below the greatest drameter
of the skull so that it cannot be pulled off.
Then a padded fabric strap is passed round
the neck on the opposite side to the con-
tracted muscle and brought over the top of
the head, being fixed by safety pins to the

linen cap in such a way that one end hangs
down in front and one behind. Next, these
ends are buckled to the ends of a similar
padded strap passed through the crotch of
the child, and crossed below the axilla. By
tightening them up (Figs. 13 and 14) it is
possible to correct both the scoliosis and the
rotation of the cervical spine, and a fort-
night i this device, moving about frecly,
establishes permanently a normal carriage
of the head. It is important, both psycho-
logically and physiologically, that the child
wake up from the anesthetic with the posi-
tion of the head corrected in this way; to
adjust the position of the neck with a new
wound in a conscious child is neither kind
nor effective,
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Apparatos Orthopedic a Movimento Controlate

Summario in Interlingua

Le presente articulo stipula que certe de- e modificationes de illos. Iste modificationes

formitates congenite es causate per fortias
mechanic que age super le feto in utero e
que iste hypothese de causation permitte le
derivation de importante principios thera-
peutic. Iste principios es (1) que le fortias
usate pro reducer un certe deformitate de-
berea esser simile al fortias que supponite-
mente ha causate lo ¢ (2) que il es indis-
pensabile de permitter active movimentos
durante le processo de correction a fin de
contrabalanciar Ic effectos inimic del pre-
natal immobilisation ¢ displaciamento del
membros in question.

Pro npplicar iste principros, varie appa-
ratos orthopedic de invention original es
describite, insimul con le currente variationes

es criticate, e rationes es presentate pro que
illos non pote esser considerate como meli-
orationes.

Le conditiones describite es

1. le tres varietates standard de modu-

lation del pede, i.e.
a talipede,

b. metatarso var,
¢, metatarso valge,

2. dislocation congemite del coxa,

3. congenite scoliosis postural (del
qual il es asserite que illo ¢s le
prime phase de “scoliosis idio-
pathic”), ¢

4. torticollis sterno-mastoide.
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Congenital Dislocation of the Hip —

Tts Causes
WiLLiaM K.

Two hundred years after Robert Boyle
postulated the hidden importance of fer-
mentation, Pasteur proved it. Four years
after Marie Curie postulated the existence
of a new element, radium, she and her hus-
band proved it. Postulation based on facts
has been the parent of most significant ad-
vances in any field; hence, it is the apologia
of every student of this most interesting and
perplexing orthopaedic condition in offering
or supporting an etiologic explanation. 1f
such an explanation should be compatible
with all the known facts, it not only simpli-
fies the task of teaching but also provides a
scaffolding from which rational treatment
can be constructed.

If the many etiologic suppositions appear-
ing in the literature in the past century were
to be discussed here, the purpose of this
chapter would be defeated. Rather, evidence
will be given to support the single simple
supposition that a pathologic relaxation of
the joint capsule exists, and that all other
pathologic changes develop subsequently as
the result of simple mechanical stresses.
Jones and Lovett,'® in making this supposi-
tion, differentiated this condition from the
congenital dislocation accompanying multi-
ple anomalies that were thought by them to
be primary. Howorth,'® more recently, has
presented this supposition as the explanation
compatible with all the findings.

Whether capsular relaxation is truly ge-

*Lexington, Ky.

and Effects
Massig, M.D.*

netic or merely acquired in ntero and early
infancy as the result of hormonal, dietetic,
metabolic or mechanical factors will not be
discussed, as no convincing data on which
to base an opinion is known to the author,
The embryologic studies of Strayer? and
later Gardner™ have demonstrated that the
hip joint first appears as a blastemal con-
densation in the limb bud about 52 weeks
after conception, together with the associ-
ated muscles and nerves in definitive posi-
tions. No dislocation is possible at this stage,
as all components of the hip joint develop
from a single cartilaginous column. At 7
weeks the embryonic period ends, with all
important structures assuming their adult
relationship. Therefore, any positional rear-
rangement occurs in fetal hfe or afterward.
Normally, in the embryonic period, 4 joint will
develop independent of any mechanical fac-
tor, even when separated completely from the
embryo. Hence, mechanical forces become
effective only after the embryonic stage.

CAPSULAR RELAXATION
AS RELATED TO THE
COMMON FINDINGS IN CONGENITAL
DISLOCATION OF THE HIP

Geographic incidence of the condition
is striking. In the southern European coun-
tries, where it is common, frequently it is
associated with the calcaneovalgus feet, but

in the Negro so commonly affected by liga-
103
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Fi6. 1. Types of acetabular roof obliquity. (Top 3 illustrations) Hips at 2, 4 and
5 years. There 1s a false acetabulum in each case, and the acetabular roof obliquity is
comparable with that of a newborn mnfant. The dislocation pre-existed weight-bearing
and occurred rapidly, presumably due to a very relaxed capsule. The acetabular roof
failed to develop after the head left the acetabulum.

{Bottom 3 illustrations) Hips, at 2, 3 and 7 years. The “notching™ or bilabration of
the acetabular roof 1s present, and there 1s no well-developed false acetabulum. The dis-
locatton occurred gradually, assisted by werght-bearing due to an only partially relaxed
capsule. At bortom, night the antenior and the posterior lips of the acetabular roof are
developed clearly, and there can be seen between them the furrow formed by the dis-

locating head.

mentous relaxation of the feet it is com-
paratively uncommon,

Sex Incidence. While dislocation occurs
approximately 6 times as often in guls, dys-
plasia of the joint is only shightly more com-
mon in girls (Faber).* On a purely mechani-
cal basis, this should be cxpected, as the
plane of the acetabulum 1s morc nearly verti-

cal and the fossa more shallow in girls, Com-
bined with the conventional fetal position,
any degree of capsular relaxation could in-
itiate the train of mechanical events discussed
below.

Bilateral Incidence. This statistic varies
with the observer and the locality from
which he reports. Scaglictti®® encounters
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bilateral involvement in 54 per cent of his
series. This does not take into account those
patients with unilateral dislocation and con-
tralateral dysplasia that occurred in 20 per
cent of 35 cases reported by the author.?!
Still, there is an appreciable number with a
normal-appearing hip on the contralateral
side. This apparently is inconsistent with
the capsular relaxation supposition. Alt?,\::\-
tions in the positions of the two extremities
in utero may explain this variation ade-
quately.

DISLOCATION IN UTERO

Though rare, this condition has been noted
on routine prenatal roentgenograms. Or-
tolani2® reported 2 fetuses aged 6 months and
7 months examined at autopsy. In both
cases a ligamentum teres was found present
bilaterally. In one fetus the bony acetabular
roof appeared less oblique in the roentgeno-
gram on the dislocated side than on the
contralateral side. This showed evidence of
capsular relaxation and subluxation, Dis-
location before the weight-bearing age rarely
is reported, though dysplasia or subluxation
is recognized with progressive frequency due
to the emphasis on early signs and symp-
toms, If dislocations existed commonly be-
fore the weight-bearing age, they too would
be seen more frequently.

ROENTGENOGRAPHIC ANATOMIC
VARIATIONS EXPLAINED
PRIMARIY BY
CAPSULAR RELAXATION

Acetabular roof obliquity, as seen in
the roentgenogram, does not indicate the
actual support provided by the acetabulum,
since below the age of 3 years the carti-
laginous portion is considerable. However,
the bony acetabular roof is a good index of
resi to upward displ , since it
ceases promptly to decrease in obliquity
when the normal femoral head pressure is
decreased (Fig. 1, top 3 illustrations). If

capsular relaxation permits rapid and com-
plete dislocation of the head, the bony
acetabular obliquity remains at the angle
that it had attained at the time of distoca-
tion, and a false acetabulum is formed
above (Fig. 1, top 3 illustrations). If cap-
sular relaxation increases gradually as the
result of increased mechanical stress, there
will be a gradual displacement of the head
upward with the production of a furrow
through the acetabular roof known as
“notching”™ or “bilabiation™ (Fig. 1, bottom
3 illustrations). This gradual displacement
seems to be accompanied by more severe
molding of the femoral head than is noted
in the more abrupt dislocations. The author
has not seen this latter condition in a child
who was not weight-bearing when the diag-
nosis was made, The acetabular appearance
and the head deformity in the abrupt type
are simulated closely by poliomyelitis com-
plicated by dislocation on attempted weight-
bearing (Fig. 2, left), whereas the more
gradual type is seen routinely in the disloca-
tions complicating severe spastic paralysis
(Fig. 3, left & right).

If the cessation of development of the
acetabulum in the abruptly dislocating type
or the notching of the acetabulum in the
gradually dislocating type is a genetic fault
and not the direct result of malapplied me-
chanical stress (Wolff’s law), how can the
consistent response of the acetabulum in the
carly subluxated hip to adequately main-
tained reduction be explained? Putti?*-8t
demonstrated this consistent response when
diagnosis and treatment were begun before
the first year. Subsequemly, others have
corroborated his results. It is irrational to
suppose that the replacement of a femoral
head in anatomic position could reverse a
genetic fault that caused the original sub-
luxation or dislocation, The elongation of
the ligamentum teres is another anatomic
finding resulting directly from capsular re-
laxation. Occasionally this structure is ab-
sent, presumably due to attritional effects of
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F1G. 2. (Left) Pohiomyelitis in infancy; present age 25 years. Residual adductor con-

tracture permitted dislocation on weight-bearing with stretching of the capsule. Com-
pare with (right) congenital dislocation at 10 years of age. Note the acetabular roof fur-
row and bilabiation, the deforming head and the severe anteversion (patella forward).

weight-bearing, but more frequently it is
attenuated and presents a formidable ob-
stacle to replacement of the femoral head in
an acetabulum already partially filled with
dense connective tissue.

ANATOMIC FINDINGS SECONDARY
TO THE DISLOCATION PER SE

Once the normal intra-articular pressure
is decreased by gradual outward displace-
ment of the femoral head, the decreased pres-
sure results first in actual thickening and sub-
sequent ossification of the triradiate cartilage
and then in proliferation of a dense fibrous
tissue floor.

Subluxation also 1s accompanied by re-
1arded epiphyseal ossification. The center of
ossification appears later and remains con-

stantly smaller than the normal epiphysis.
If its appearance is made and subsequently
disappears or is not made at all by the 18th
month, one must consider the possibility of
vascular damage to the epiphysis subsequent
to some abnormal trauma The ossification
of the triradiate cartilage and the ischiopubic
synchrondrosis also is retarded.

Dunlap, Shands e/ al.? found the normal
femoral torsion in 16 children between the
ages of 3 and 8 months to average 31°, In
29 patients and 40 dislocated hips the aver-
age torsion was 51°. The age of the patients
was not listed. In 3 dislocated hips, meas-
ured before the patients began independent
walking, using the method descnibed by
Crane and Ryder,® the author found no
femoral torsion exceeding 40°. Since this
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Fio. 3. (Left) Spastic quadriplegia at 4 years of age. The patient stood with legs
adducted and with severe internal rotation. Hip is in the process of gradual dislocation.
(Right) Same patient as at Jeft at 8 years of age. The dislocation now i§ con]plcte; the
acetabular furrow has formed with the typical bilabiation, Compare with Figure 2.

amount of torsion is approached by a normal
femur in the first 6 months, it is deduced
that in the presence of a dislocation the
normal process of derotation does not take
place.

ANATOMIC FINDINGS
SECONDARY TO WEIGHT-BEARING
ON A DISLOCATED HIP

Progressive femoral torsion (anteversion)
appears to result from, and not to be a
cause of, congenital dislocation when weight
1s borne on the dislocated hip. The follow-
ing groups exceeded 50° internal femoral
torsion (anteversion) when estimated at
open reduction (Fig. 4):

59 per cent of 17 hips from 2 to 3 years

100 per cent of 9 hips from 3 to 4 years

82 per cent of 11 hips from 4 to 5 years

100 per cent of 13 hips from 5 to 8 years

Four hips in patients over 12 years meas-
ured over 70° by the above-mentioned roent-
genographic technic (Fig. 5), and a 40-
year-old adult with bilateral uncorrected
dislocated hips measured 80° by the same
method (Fig. 6). Femoral torsion is an in-
ternal twist of the shaft of the femur
(Hibbs), 1% which, it is believed, results
from the constantly repeated contraction of
the thigh adductors and medial hamstrings
exerted on the externally rotated lower ex-
tremity fixed at the hip in this position by
the contact of the femoral head with the wing
of the ilum and by the total loss of internal
rotators resulting from upward displace-
ment of the hip and relaxation of the gluteus
medius. A similar femoral torsion of equal
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FiG. 4. Demonstration of progressive ante-
version or femoral torsion with weight-bearing.
2% years old—ambulatory 1'% years. The
right (dislocated) hip shows an anteversion or
femoral torsion of 50° compared with 30°
on the left. (Technic: Crane & Ryder) The
angle formed by the shaft and the neck in this
view indicates the degree of torsion.

Fic. 5. Demon-
stration of progres-
sive anteversion or
femoral torsion with
weight-bearing A
12-ycar-old girl am-
bufatory stnce child-
hood, with no at-
tempt at correction

ur '

of the dislocation. A
- femoral torsion  of
r';j_;_..__._a‘ 70° 1s present.



Anatomic Findings

109

Fig. 6. Demonstra-
tion of progressive
anteversion or femoral
torsion with weight-
bearing. The mother of
patient in Figure 5,
aged 44. A femoral tor-
sion of nearly 90° is
present,

severity can be demonstrated in a severe
spastic paraplegia with adductor spasm and
loss of functioning gluteus medus, but in
these patients the torsion is aided by a pe-
culiar sitting position habit.

Failure of the normal acetabular roof
development is invariable when there is no
femoral head in the socket to exert a nor-
mal head-acetabular pressure. When left un-
treated over many years, a new incomplete
socket is established along the side of the
ilium from pressure, but the original acetab-
ular fossa disappears almost completely.
If the dislocation has been of the gradual
type, a deep notch in the acetabular roof

FiG. 7. Development of coxa valga.
A 22-year-old female with identical bi-
lateral involvement. Capsular relaxation
permitted only moderate subluxation. The
acetabular roof obliquity measures 20°,
which is the average obliquity of a 1-
year-old child. The patient developed a
severe coxa valga, which in this illustra-
tion is accentuated by femoral torsion
(taken with patella forward). Note that
the epiphyseal line 15 perpendicular to
the long axis of the femur. This hi

was far more symptomatic than those
shown in Figure 6.
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Fic. 8. Ad I

to reduction. (Top, Jeft) Aged 18 months;

q
note severe sloping of acetabular rgof and anteversion present. (Top, center) Aged 2
years. Adequate reduction maintained by abduction 6 months; anteversion corrected
by osteotomy. (Top, right) Aged 4Vs years; acetabular response is definite but slow.
(Bottom, lefr) Aged 6; years. (Bottom, center) Aged 7% years; reduction is maintaincd,
but the acetabular response has been slow. (Bottom, right) Aged 23 years; adequately
formed hip. There is excellent function,

can be identified, as mentioned previously,
by the remains of the anterior and the pos-
terior rims of the acetabular roof that persist
(Fig. 2, right).

The femoral head, unstimulated by any
pressure from above, fails to develop and
remains small and somewhat irregular. How-
ever, it does not develop the gross irregu-
larities commonly noted in femoral heads
aflected by avascular changes (Fig. 2, right;
compare with Fig. 14)

Coxa valga is not present when disloca-
tion develops rather rapidly in the first year
of weight-bearing. This 15 in marked con-
trast with the congenutal subluxation that

results in a bony resistance to weight-bearing
by an insufficient acetabulum and a gradual
outward displacement of the center of rota-
tion of the femoral head, In such femurs the
medial trabeculations almost parallel the
Jong axis of the femur, and the patient walks
with a gluteus medius Iimp more pro-
nounced than is noted in the completely dis-
located hip (Fig. 7). Such hips usually are
much more painful than those completely
dislocated. As shown by Inman,!” the de-
velopment of coxa valga results from a
shiftt of the weight-bearing or resultant force
acting through the neck of the femur from
an angle of approumately 155° with the



Acetabular Response to Adequate Reduction

Fl;}‘ 9. Acetabular response to resubluxation. (Top, left) Aged 7 years. Notched

acetabular roof; anteversion 80°. (Top, center) Aged 7% years; open reduction ‘with
femoral osteotomy to correct anteversion has been done, but a she}t’ was not provided.
Resubluxation is mild. (Top, right) Aged 8 years; resubluxation is pronounced. The
acetabulum has responded only slightly with a decreased obliquity. (Boitom, left) Aged
11 years; subluxation has persisted, and the roof obliquity has remal.ned unchanged.
Note the position of the epiphyseal line perpendicular to the long axis of the femur.
Coxa valga is developing. (Bottom, center and right) Aged 28 years; roof ob_lxquny has
remained unchanged since puberty. The hip is severely symptomatic. (Massie et al.: J.

Bone & Joint Surg. 33A:179)

femoral shaft to more nearly vertical. This
is accompanied by the marked abductor
lurch, which is an attempt to bring the center
of gravity directly over the femoral shaft.
Since the epiphyseal plate remains perpen-
dicular to the weight-bearing axis, it remains
almost horizontal to the femoral shaft, and
the neck grows in this axis (Fig 7).
Increased lumbar lordosis is a classic find-
ing when bilateral dislocation is accompanied
by a backward displacement of the femoral
heads and a forward tilting of the pelvis.

ACETABULAR RESPONSE_

TO ADEQUATE REDUCTION
Putti**=#! demonstrated that the simple
abduction treatment was effective in pro-
ducing 2 normal-appearing hip when insti-

tuted before the first year. The author, in
a report with Howorth® covering a study
of 58 hips all treated by open operation
after the age of 1 year and followed to adult
life, found no exception to this. This study
d ated that adeq reduction ob-
tained and maintained would result in a
normal acetabular response up to the age
of 8 years. However, over 3 years acetabular
shelf (Fig. 8) procedures to accentuate this
response seemed to be indicated progres-
sively. We accept this premise as fact and
offer it as the most potent rebuttal to the
theory of genetic acetabular inhibition- or
“dysplasia” in such patients. _

Putti®*31 stated- that bilateral hips after
the age of 4 years and unilateral hips after
the age of 7 years should be left unreduced.
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Though the percentage of excellent roent-
genographic results in older children in the
above quoted series was only 17 per cent
symptomatically in adult fe 65 per cent
were graded as excellent. Colonna* has ad-
vocated a capsular arthroplasty for this age
group. One seems justified, then, in taking
exception to Putti’s dictum but recognizing
in his statement what he implied. Hips over
3 years of age respond much more slowly
fo the regenerative stimulus of adequate re-
duction, The surgeon has a more difficult
task not only in obraming adequate reduc-
tion but also in maintaning it. I the latter
is imperfect, it would have been better had
the job been left undone (Fig. 9). In main-
taining such a reduction, it is assumed that
each condition that favors subluxation will
be treated adequately: (1) open reduction
if closed reduction cannot scat the head

FiG. 10. Acetabular
response at 7 years
aided by adequate re-
duction  and primary
shelf procedure, {Top,
left) Aged 7 years; ap-
pearance almost identi.
cal with that in Figure
9. top, left. (Top, nght)
Open reduction, shelf
procedure and rotation
Osteotomy provide an
adequate reduction and
acetabular roof support.
(Bottom, left) Aged 14
Yyears; acetabular sup-
port now is complete,
There is no resubluxa-
tion. Presence of coxa
vara is  unexplained.
(Bottom, right) Aged 26
Years; there is an al-
most normal range of
motion, and the patient
remains  asymptomatic.
Compare ‘this  result
with Figure 9, in which
resubluxation was per-
mitted to occur. (Massie
et al.: J. Bone & Joint
Surg. 33A:185)

normally; (2) shelf procedure if the acetabu-
Jar roof is insufficient to support the head;
(3) rotational osteotomy if femoral torsion
favors an unstable reduction; (4) prolonged
immobilization until there is roentgeno-
graphic evidence of normal restoration of
the head-acetabular relationship. This must
be accomplished without the onset of avas-
cular necrosis (Fig. 10).

FEMORAL HEAD CONTOUR
RESPONSE TO
ADEQUATE REDUCTION

The femoral head at open reduction often
appears to be deformed. No measures r}ccd
be taken to improve the symmetry, since
even heads over 5 years of age tend to be-
come spherical (Fig. 10). Houcvcr., any de-
gree of so-called aplasia or epiphysitis that in-
dicates uniformly a vascular disturbance may




Fig. 11, Hilgenrein-
er's measurements, “h”
is the distance between
the “y" line and the
highest metaphyscal
point, “d” is the dis-
tance between the inter-
section of the “y” line
with “h” and with the
acetabular line. “a" is
the angle of the acetab-
ular roof, Note the dif-
ference in the measure-
ment on the 2 sides:
“a” and “d” are greater
on the right, and “h” is
smaller; this hip is sub-
luxated.

progress to a grossly deformed head that de-
forms the acetabulum secondarily (Fig. 14).

Adequate reduction does not seem to alter
an existing femoral torsion (anteversion) or
coxa valga. It may be that since both con-
ditions become severe only in the older pa-
tients, sufficient time before bone maturity
is not available for the reversal of these
findings.

DIAGNOSIS OF SUBLUXATION
ROENTGENOGRAPHICALLY

Adequate reduction implies the absence
of any subluxation. The diagnosis of gross
subluxation at any age is quite apparent,
but it has been stressed that even minor de-
grees of subluxation that persist after reduc-
tion of a dislocated hip may progress steadily
to either redislocation or an unstable hip
giving dire adult symptoms. 4ny degree of
subluxation should be recognized and
watched carefully by serial roentgenograms.
Evidence of progression or persistence of
subluxation should be met with immediate
appropriate treatment.

Shenton’s line (the curved line formed by
the inferior margin of the femoral neck con-
tinuing along the interior margin of the su-
perior ramus of the pubis) is useful in the
recognition of dislocation, but it is an un-
reliable sign in mild and moderate subluxa-
tion It may appear broken, signifying

subluxation when such is not present—i.e.,
severe flattening of the femoral head without
outward displacement or a combination of
coxa valga and anteversion—and it appears
quite normal unless there is gross upward
displacement of the head (Fig. 11). Hilgen-
reiner’s measurements are more reliable,
particularly in infants; but the normal meas-
urements must be available if the dislocation
is bilateral, and, if it is unilateral, care must
be taken to ensure an accurate antero-
posterior view of the hips and the pelvis.
These measurements are not applicable after
the capital epiphysis has developed com-
pletely. The author prefers to use a meas-
urement first described by Wiberg?s and Iater
used by the author in conjunction with
Howorth.” The Center-Edge angle of Wil-
berg is the angle formed with the horizontal
by a line passing through the center of rota-
tion of the femoral head and the edge of the
acetabulum (Fig. 12). If a true antero-
posterior view of the pelvis is obtained, the
position of the femoral head and neck does
not alter the measurement, 1t is ascertained
quickly by the use of an overlay that de-
termines accurately the center of the head

when the epiphysis is well developed, and

its relation to the edge of the acetabulum is

read off in degrees. Use of this method in

children below the age of 3 years becomes

increasingly difficult. The author has found
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prropedon

Fia. 12. Use of the CE angle.in;determining subluxation. {Top) Aged 12 years; the
CE angle 15 30°. The center ot rofation is determined by superimposing one of the

circular ines over the penphery of the head. The horizont:

al Yine must be placed sym-

metrically for the 2 sides of the pelvis, and the roentgenogram must be a truc antero-

postenior view. (Bottom) aged 12 years;

can be measured with the hip in any degree of rotat
the center of the head 1s the one point that does not ¢

the CE angle is 0°.

Note that this angle
ion or abduction adduction, as
hange with various positions of

the hip. (Bottom—NMassic et al.: J. Bone & Joint Surg, 324:526)

that the center of rotation of the cartilagi-
nous head lies at a point equidistant from the
2 poles of the metaphyseal line and just
proximal to the metaphyseal border. How-
ever, onc may calibrate easily the accuracy
of his technic, since on a given patient the

reading should be the same with the hip held
i abduction, adduction, internal rotation or
external rotation. Any lateral shift of the
head usually is quickly apparent without
reference to tables, but normal values for
all ages have been published previously.®
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Fic. 13, Vascular changes occur bilaterally in a girl treated by abduction for dis-
location of the left hip only. (Top, left) Aged 1 year; dislocation on _xhe left. (Top., cen-
ter) Aged 14 months; closed reduction is adequate, attained by simple abduction in
plaster. (Top, right) Aged 2 years and 7 months; 17 months after treatment began both
epiphyses show evidence of vascular changes. (Botiom, lefr) Aged 4 years; changes more
obvious. (Bottom, center and right) Aged 4% years. Mild slfhluxatmfl bllatgrallx; frag-
mentation of the epiphyses persists; patient being kept off weight-bearing until epiphyses

appeat to be normal.

VASCULAR EPIPHYSEAL CHANGES

These changes are easily discernible and
of sufficient frequency to be familiar to all
who treat this condition.!*> They have been
described in detail elsewhere.** None of these
changes has been observed in congenitally
dislocated hips not subjected to some type of
treatment, but they were noted in the contra-
lateral normal hip of one patient subjected
to closed reduction of the dislocated hip
and bilateral cast fixation (Fig. 13). They
were noted in 30 per cent of 58 hips reduced
openly and in 45 per cent of 31 hips re-
duced by the closed method. They appeared
first from 3 to 12 months after reduction.

The vascular changes are divided into 2
groups: those with epiphyseal fragmentation
similar to that seen in coxa plana and those
without fragmentation.

The first group (Figs. 14 & 15) are di-
vided easily into 3 grades of severity: mild,
moderate and severe. When followed to
adult life, only those hips with mild in-

volvement functioned adequately. Among the
findings characterizing this group are: (1)
initial epiphyseal fragmentation; (2) grad-
ual flattening or occasional disappearance of
the epiphysis; (3) convexity of the medial
metaphyseal edge of the epiphyseal line; (4)
gradual broadening of the metaphysis.

The second group, comprising 40 per cent
of the series studied, differs from the first
group in the first 2 findings: no fragmenta-
tion was noted, and only the medial pole
of the epiphysis became flattened, The meta-
physeal changes were the same. The adult
results of the second group, though not good,
were much better on the average than those
of Group 1 (Fig. 16).

In this series 87 per cent of the male hips
dislocated congenitally and 25 per cent of
the female hips showed vascular changes.
This sex incidence is comparable with that
of coxa plana in an older age group. The
constant relationship to reduction would seem
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Fi6. 14, A deceptive vascular epiphyseal change. (Top, left) Aged 14 months; acetab-
ular obliquity and anteversion noted. (Top, center) Aged 22 months; slight fragmenta-
tion of the medial epiphysis, but the convexity of the metaphyseal edge already is ap-
parent. (Top, right) Aged 3 years; reduction remains good, and the acetabular response
is good. The vascular change no longer is apparent. (Bortom, left) Aged 6 years; pro-
gressive deformity of the head noted. (Bottom, center) Aged 11 years. (Bottom, right)
Aged 23 years; marked head irregularity and cystic changes seem to be out of propor-
tion to the minor vascular changes noted at top, center.

to implicate trauma in its production. Yet,
with emphasis on gentle manipulation, these
changes continued to appear in about the
same percentage noted above. Prelminary
traction was not employed in any of these
cases, and Crego and Schwartzman® reported
no such changes when traction was applied
routinely. However, other observers using
traction routinely' have continued to observe
these changes. Adequate traction preliminary
to any type of reduction deserves a thorough
trial under the observation of many clinicians.

Excellent observations have been made on
the vascular supply to the femoral head and
neck.? ™33 However, 1n 1943, Wolcott®
refuted the importance placed previously on
the role of the higamentum teres in the in-
fant and the child but emphasized its role
in the adult. Tucker® and, more recently,

Trueta and Harrison®® and Judet and Ju-
det®® have, by progressively more efficient
injection methods, supported these conclu-
sions. Marked indwvidual variations have
been noted uniformly, but it is agreed that
while primarily cartilage, the epiphyscal os-
sification center receives its supply from the
superior and the inferior capsular vessels,
and that anastomosis with the ligamentum
teres artery is not effected until this center
enlarges to replace the intervening cartilage.
In 20 per cent of the hips, no such anasto-
mosis ever is noted. It is probable that re-
cently employed radioisotope studies will
give a far more detailed account of the vas-
cularity of this region, its variability as to
age and sex and its susceptibility to injury,
both minor and scvere. However, until we
have such data at our disposal, we must be
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would serve only to confuse and reduce in-
dividual initiative, which is our greatest as-
surance of improved technics and results.
An attempt has been made above to explain
the various sequalae commonly encountered
on a purely mechanical basis of cause and
effect. If each failure can be explained, it
will not be repeated. It is believed that no
genetic factor exists that will compromise
the results, provided that 3 simple require-
ments can be attained: (1) adequate reduc-
tion (anatomic restoration of the head-
acetabular relationship), (2) maintenance of
reduction, and (3) avoidance of vascular
changes.

There is now sufficient evidence to state
categorically that if the diagnosis is made
within the first year of life and treatment is

16. Group 2 vascular changes (no epiphyseal fragmentation).

(Top, left)
Aged 3 years, (Top, center) Aged 3 years and 9 months; 9 months after reduction the
medial Iip of the epiphysis is flattened, and the metaphysis is rounded. (Top, right)
Aged 5 years. (Bottom, left) Aged 6% years; no subluxation, but flattening of the
medial epiphysis persists. (Bottom, center) Aged 11 years; deformity of the head
persists, but sull there is no subluxation. (Bottom, right) Aged 22 years; mild subluxa-
tion and obvious head deformity. (Massie er al.; . Bone & Joint Surg. 33A:290)

instituted promptly, a near-normal hip
should result consistently, During this period,
the maintenance of simple abduction seems
to be sufficient, though some observers pre-
fer to add internal rotation.®1%=* Mobile
abduction splints are quite effective.>?! After
this optimal period has passed, '\vc.: approach
rapidly an age in which preliminary a.dc-
quate (skeletal) traction scems to be im-
portant to relax the surrounding tissues, sO
that after reduction is obtained (usually
without any need for anesthesia), unduc
pressure is not exerted on the head. Reduc-
tion may be maintained by the method most
familiar o the operator, cither of a mobile
or an immobile type, but of paramount jm-
portance is the rocmgcnogr;{m, rcpc:,xcd
frequently, indicating anatomic reduction.



References ks

The 45°-angle view of the hips and the pel-
vis, as described by Martz and Taylor,”
modified slightly by using an 0.3 focal plane
tube, seems to be a simple, effective technic.
After the second year, depending on the
roentgenographic and the clinical findings,
one must choose between a closed or an
open approachM012181%2: Usually  this
choice is made by either the success or the
failure of the closed method to obtain and
maintain reduction. After the third year,
the acetabular roof is so deformed, femoral
torsion is so pronounced and capsular and
muscular contractures are so severe that the
author elects the operative approach initially,
preceded by skeletal traction and correction
in stages of the secondary deformities in-
cident to prolonged dislocation by open re-
duction with capsular plication, acetabular
roof reconstruction and femoral osteotomy
for torsion. The treatment after this age is
highly individualized, but, as the age in-
creases, the preparatory period prior to the
initial reduction increases, interspersed with
tenotomies and myotomies to reduce flexion
and adduction contractures preliminary to
traction.

Colonna’s* capsuloplasty is an added pro-
cedure to be considered in the treatment of
older age groups, particularly if the disloca-
tion is unilateral.

The treatment of bilaterally dislocated hips
beyond the age of 7 years is so fraught with
difficulties as not to appear feasible to the
author. Improved technics may alter this
opinion later. However, unilateral dislocation
is so rapidly symptomatic that one is justi-
fied in the attempt to restore head-acetabular
relationships up to the age of puberty. Ar-
throplasty or fusion is the alternative.

SUMMARY

Congenital dislocation of the hip results
from mechanical stresses applied to a joint
in which a pathologic relaxation of the joint
capsule exists, as proposed by Howorth1®,

All other pathologic changes, that is, slant-
g acetabular roof, femoral head deform-

jtics, femoral torsion and coxa valga, are
secondary responscs effected by an altered
mechanical stress. The vascular changes
commonly encountered in the epiphysis
after trcatment result from an individual
relatively insufficient vascular arrangement
of a specific hip that increases its suscepti-
bility to even mild trauma. The changes are
comparable with those encountered in coxa
plana at an older age, and, if left untreated,
produce a grave adult deformity. With the
exception of these vascular changes, all de-
formitics are reversible and amenable to
treatment, though the difficulties of treat-
ment increase rapidly after the second year
and are so formidable after the age of 7
years that the treatment of a bilateral con-
dition then seems to be inadvisable. Treat-
ment in the early ages consists of the main-
tenance of abduction with or without inter-
nal rotation by the means most familiar to
the operator until the normal head-acetabu-
lar relationship is stable. After this age the
treatment becomes highly individualized, but
there seems to be sufficient evidence to ad-
vocate skeletal traction as a preparatory
measure to either the open or the closed
reduction technics. Treatment at this age
and subsequently should be undertaken only
b_y the surgeon with considerable prerequi-
site experience or under his direct tutelage,
since the entire future of the hip is in the
balance.
CONCLUSION

If avascular changes can be obviated by
extreme caution, every congenitally dislo-
cated hip seen before the second year can
be expected to terminate as a near-normal
one, both anatomically and functionally,
and each hip after this age can be expected
to respond to anatomic reduction with a
200d permanent result if this reduction can
be maintained at all times.
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Dislocation Congenite del Coxa — Su Causas e su Effectos

Summario in Interlingua

Dislocation congenite del coxa resulta ab
tensiones mechanic applicate a un articula-
tion in que il existe un relaxation pathologic
del capsula articular. Omne le altere altera-
tiones pathologic—ic. oblique tecto ace-
tabular, deformitates del capite femoral, tor-
sion femoral, e coxa valge—es responsas
secundari effectuate per alterate tensiones
mechanic. Le alterationes vascular que es
communmente incontrate in le epiphyse
post le termination del tractamento resulta
ab un relativemente insufficiente arrangia-
mento vascular de character individual in un
coxa specific. Iste arrangiamento augmenta
le susceptibilitate del coxa a trauma de for-
mas mesmo levissime. Le alterationes es
comparabile al alterationes trovate in coxa
plan in patientes de etates plus avantiate.
Si non tractate, illos produce un grave de-
formitate al etate adulte. Con le exception
de iste alterationes vascular, omne deformi-
tates es revertibile e tractabile, sed le dif-
ficultates del tractamento accresce rapide-
mente post le secunde anno del vita del
p.atieme € deveni si formidabile post le sep-
time anno que le tractamento de un condi-
tion bilatere post iste etate non es recom-
mendabile. Le tractamento durante le prime

annos del vita consiste in le mantenentia de
abduction con o sin rotation interne per Ie
medios que es le melio cognoscite al chir-
urgo usque le relation normal inter capite
¢ acetabulo es stabile. A etates plus avan-
tiate le tractamento deveni multo individu-
alisate, sed il ha bon rationes pro recom-
mendar traction skeletal como mesura pre-
paratori al technicas de reduction tanto
aperte como etiam claudite. Le tractamento
a iste etate ¢ a etates ancora plus avantia-
tedeberea esser interprendite solmente per
chirurgos qui possede Ie requirite fundo con-
siderabile de experientias o sub le surve-
liantia directe de tal chirurgos, proque le
integre futuro del coxa es in joco.

Si alterationes vascular pote esser evitate
per extreme attention, omne coxa con dis-
location congenite que es presentate ante
Ie secunde anno del patiente pote esser sub-
jicite a un tractamento que se termina con
le attingimento de un coxa quasi normal ab
le punctos de vista tanto anatomic como
etiam functional, ¢ omne coxa que es pre-
sentate a un etate plus avantiate va respon-
der al reduction anatomic per un bon re-
s}xltato permanente, providite que le reduc-
tion pote esser mantenite a omne tempores.
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Persistent Hereditary Edema of the Legs
—Milroy's Disease

James HARVEY JENNETT, M.D.*

One of the unsolved and unsatisfactorily
explained clinical entities in medicine is
presented—a family in which for 6 gen-
erations of direct descent some members
have been afflicted with hereditary edema
of the legs.

1 first saw members of this family in 1930
when Carl G., aged 14 (Fig. 1) came to the

Py ot 0

FIGURF )
Figs. 1-5, 11 & 12 (Jennent, J H.- J Mis-
sourt M. A 28-601-605}

outpatient clinic at the Kansas City General
Hospital with a painful ingrown toenail.
During the examination it was noted that
he had very large indurated edematous legs
with excessive moisture about his feet and
verruca accuminata scattered extemsively
over his toes. His legs had an elephantiasis-
like appearance, the skin being tough and
leathery, the hair follicles and the sweat
glands markedly farther apart than normal,
and the hard, brawny, white edema extended
to the knees of both legs. In taking a history
1 found that his mother also had this ab-
normality, that a sister had the same trouble,
and that all of them said they had been
afflicted since birth.

Ernestine, Carls sister, (Figs. 2 and 3)
then aged 24, also had marked edemn of
both legs extending to the knees. She and
her mother stated that they believed that
she was born with bilateral clubleet and that
she always had had a spinal curvature. She
did not fearn to talk until she was 5 years
old and always had had a speech defect
resembling cleft palate, but examination re-
vealed only a very arched deformity o the
posterior portion of her hard palate. She be-
gan menstruating at age 13 but never has
menstruated more than once Of twice & year,

The mother, Hattie G. (Figs. 4 and 5),
then aged 59, weighed 280 pounds and was
5 feet 10 inches tall. She made a very un-
ith the peculiar swing-

usugl appearance Wi c
ing gait caused by the weight of the heavy

—_—
*Kansas City, Mo.
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FiGure 7

feet and legs beneath her and the long gar-
ments she wore to conceal her legs and feet.
Beginning just above her shoetops there was
a tremendous edema which extended to the
knee in the right leg and to the midthigh in
the left. The shape of her legs was very
striking and seemed to be typical of this
condition. There were constricting bands at
the ankles, and the edematous tissue hung

in folds over the shoctops—as Meige! says,
“like the pants of a Zouave.”

Another son, Glenn, then aged 19, was
not aficted with any swelling of his legs
and scemed to be a pesfectly normal boy
except that he had a right inguinal heenia.

The circumfesence leg measurements of
these paticnts is shown (Fig. 6).

The mother stated that in adduion to these
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3 children, her second child was stillborn
and was not fully formed. The mother stated
that during these 4 pregnancies her edema-
tous legs were improved rather than made
worse and that none of the 4 childbirths was
prolonged or difficult.

With the mother’s very co-operative as-
sistance in searching family records and
writing to relatives, the family record of
those afflicted and those not afflicted is pre-
sented (Fig. 7). In 1955 Carl E. brought
his son, Carl, Jr., to see me, stating that
he also had been afflicted since birth, This
6th generation member, Carl, Jr., aged 16,
is shown in Figures 8 and 9, on the left,
standing by his father, now aged 40. Figure
7 shows 14 afflicted individuals in 6 gen-
erations among the 33 members of the fam-
ily of which Mrs. G. can find record. The
family ancestors of Mrs. G. lived in rural
Missouri except for the first generation case
shown in Figure 7, whom she says was a
Pennsylvanian of German descent. In this
family tree it is interesting to note that an

unaffected parent never transmits the af-
fliction. About as many males as females
arc affected. All have swelling in both legs
except 2, George G. and Marion, who have
it in the right foot and leg only. It may be
transmitted from father to child or mother
to child. There scems to be no interference
with a long active life.

A general physical examination of these
patients revealed no abnormality of the
heart, the kidneys, the lungs or other organs
or functions. The reflexes were present and
active in all. Blood pressure, blood chemis-
try, blood count, Wassermann test, Kahn
test, urine examination and other routine
tests revealed nothing abnormal. An exami-
nation of the urine for chyluria was made
on several occasions, but it was not found.
Roentgenograms of the legs revealed no ab-
normality of the bones but did show the
tremendous increase in the soft tissues with
considerable irregular dense mottling scat-
tered throughout. This motthng in the
mother’s legs has the density of calcium

40

iy

FIGURE 8
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deposits in places. Plates of the lumbosacral
spine were made in these 3 cases in 1930,
and spondylolisthesis was ruled out in all.
Ernestine had a marked scoliosis to the right
in the Jumbar region. Carl E. has a very
suspicious spina bifida occulta, and Hattie
G. has very markedly enlarged lateral
spines to the lower lumbar vertebra. Roent~
genograms of the sella turcica failed to show
enough variation from the normal to sug-
gest any abnormality of the pituitary gland.
The mother reported that Ernestine had
been given pituitary extract by a doctor for
some time, previous to 1930, but it made
her feel so miserable that she had had to
discontinue it.

The basal metabolic rate was taken on
these 3 cases in 1930 and repeated on each
case, and all were found to be between
minus 32 and minus 3. Because of this,
thyroid was prescribed in reasonably ade-
quate doses for 2 months for all 3 patients.
It was discontinued because no benefit was
noted.

Blood calcium was taken on each of these
3 patients in 1930. Ernestine had a blood

serum calcium of 12.7; Carl, 10.5; and
Hattie G., 11.2.

Biopsy specimens were taken from Er-
nestine, Carl E. and Hattie G. (Fig. 10).
When the skin was incised it gapped widely,
and watery lymph exuded freely until a
small blood vessel was cut, and then bright
red blood and lymphlike fluid ran freely.
Healing took place quickly, and there
seemed to be good resistance against infec-
tion. Under the skin was a very thick layer
of fatty, collagenous or jellylike tissue, giv-
ing the large swollen appearance and doughy
feel to the legs. Microscopic sections showed
marked flattening of the dermal layers, ex-
cess fibrous tissue and collagen, all separated
by intracellular spaces filled with edema.
There was no lymphangiectasis, the lymphat-
ics being hard to make out and not dilated.
There is some perivascular infiltration and
in places almost obliterative endarteritis of
some of the small vessels.

The skin i these cases was not stretched
tight and glossy as in dropsical edema. It
was pachydermic in appearance and texture,
could not be pinched up between the fingers.
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it blanched white on light pressure and
yielded on prolonged hard pressure to form
a deep pitting which would take from 10
to 15 minutes to fill out.

This condition never seemed to cause
any pain or discomfort other than the
weight and the clumsiness of the legs and
the cosmetic embarrassment. The afflicted
members of this family always have done
hard work and been in good health. The
children were able to keep up with their
classmates in school. However, there have
been acute attacks and remissions. The four
of these patients whom I have seen on
occasions during these 26 years have had
occasional acute episodes of increased swell-
ing of one or both legs, fever and chills, and
have been acutely ill in bed for from 3 to
10 days. Carl, Sr., has had several such
episodes but may go 10 years without one.
I saw only one of these patients in such
acute illness: Carl, Sr. It seemed to me to
be a fungus and secondary infection of his
feet with acute deep lymphangitis of both
feet and legs. Carl, Jr.,, who was photo-
graphed in January, 1955, for this chapter
(Figs. 8 & 9) then had very slight involve-
ment in the left leg. His father reports that
in May, 1956, Carl, Jr., had an acute illness
with increased leg swelling and acute inflam-
mation, with chills and fever to 107° F., and
nearly died. He recovered completely from
the acute iliness, but, ever since, his left leg
has been involved with the chronic edema
to practically the same degree as his right.
Hattie G. reports that on occasions she
has noticed temporary sudden reduction
in sweling with one stocking falling down
because the swelling in that one leg seemed
to be partially relieved temporarily. On
other occasions after long hard work on
her feet, she has stated that her left calf
has swollen to 30 inches in circumference
and that her feet and shoes became sopping
wet with perspiration or other moisture ooze
and that she had to crawl to the house on

her hands and knees because her legs were
so heavy.

FIGURE 10

They all report that if they stay off their
feet the swelling is reduced. If they go to
bed for a couple of weeks or keep the legs
bound tightly day and night, the swelling
will almost disappear, but it quickly returns
when they get up. When the legs are kept
firmly bound and the swelling is kept out
of the legs they feel much lighter on their
feet, but there is some swelling of the face
and puffiness of the hands. They feel drowsy
and sluggish. Because of this, the difficulty
in keeping the legs bound and the chafing
it causes on the legs, they all discontinued
binding attempts.

There is ro anesthesia of the skin. If any
difference, their legs seem to be a little more
sensitive than normal. The swelling is Jess,
and they feel better on cold damp days than
on warm days. A hot bath always increases
the swelling.

Mrs. Hattie G. made some light-weight
canvas leggings at my request (Fig. 11). At
left the leggings are shown laced firmly on
her legs with a 3-inch tongue down the
middle the first day that they were applied.
After she wore them day and night, lacing
them snugly each moming, the center illus-
tration shows them laced together. The il-
lustration at right shows that in addition
to their coming together in front a Il-inch
tuck was taken up the entire bazk, showing
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FIGURE 11

the degree of fluid that can be expressed
from her legs with simple constant pressure,
Figure 12 shows Ernestine and Carl E.
wearing high Jaced boots which they could
hardly get on at first, but after one week
the boots could be laced together. These
boots gave them great joy for the first few
days but they soon discarded them as not
worth the effort,

In 1931 Y asked a surgeon friend to do the
Sistrunk!® modification of the Kondoleon?
operation on the lateral aspect of both of
Ernestine’s legs (Fig. 13). Long strips of
tissue, including everything from skin to
muscle surface, from knee to external mal-
leolus, 2 inches wide, were removed. Later
observation for 2 years and her opinion
regarding the result were not very encour-
aging. There were no unfavorable after-
effects, but there was hardly enough im-
provement to have made it worth while,

So far no other treatment has produced
beneficial results We have not tricd any
sympathectomy or ligation procedures. A

suggested form of treatment that I have not
had the opportunity to try on my patients
is to have them sleep on a Sanders’ rocking
bed for possible daily temporary reduction
of leg size and weight.

In 1892, Milroy,® of Omaha, Neb., de-
scribed the unusual condition so typically
illustrated by this family, to which .Oslcx:’
gave the name Milroy disease. In Mnroys
series there were 22 cases nmong_97 in-
dividuals in 6 generations of one family. Our
cases resemble Milroy’s exactly in that (1)
there is a strong familial predusposition; (2)
it begins at birth; (3) males and l:cm:llcs are
affected equally; (4) the edcn{a is cqnﬁncd
to the legs; (5) there is no pain or discom-
fort except weight of the fegs; (6) there is
no demonstrable cause, local or general; (7)
there is an absence of constitutional symp-
toms; (8) it is not inimical to life; (9)
no treatment gives more than temporary
relief; (10) it never is cured. To this T would
add (11) that it never skips a gcncmliqn.
and an uwnafflicted member of the family
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never transmits it, and (12) that afflicted in-
dividuals may or may not transmit it.
Relatively few familics with Milroy's dis-
case have been described in the medical
fiterature. No one ever has deseribed as
large a scries as Milroy’s or traced it in a
family so extensively. Nonne,® of Germany,
gave the first published description of such
similar condition in 1891, In 1898 Meige,*
in France, presented 8 similar cases in 4

generations, but in all of his cases the edema
did not begin until puberty, In 1902 Rolles-
ton,? in England, presented 3 cases in 2 gen-
crations. In 1908 Hopc and French,® in
England, scported 13 cases in 5 gencrations,
but practically all of them had questionable
features, From {908 until 1930 very little
was written about this curious affliction,
Since then much has been written about
lymphedema, and many scattered cases of
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FiGure 13

similar affliction, some congenital, some with
or without heredity record, have been de-
secribed.

The etiology of this curious affliction is
still obscure, So far as I have been able to
determine there never has been an autopsy
reported on one of these cases. There have
been many theories of explanation of this
condition. Milroy suggested that possibly
there was a congenital absence of valves in
the large veins of the legs. I never have been
able to determine or find whether or not
this has been adequately ruled out as a
possibility. Osler gave it as his opinion that
this disease was an angioneurotic type of
edema. I believe this was because he saw
acute exacerbations of fungus and secondary
infection superimpossd on chronic lymph-
edema. Hope and French considered it to be
a vasomotor neurosis.

Could there be some congenital anatomic
abnormality, the nature of which has not
been explained? Apparently there is a local
rather than a generalized cause, and it is an
obstruction of some kind.

Elephantiasis from filarial infection, as
seen in natives of Africa and India, is con-
sidered to be a lymphatic obstruction, Mil-
roy’s disease could be a similar lymphatic
obstruction from fibrosing, swelling or plug-
ging of lymphatics from fungal or bacterial
infections of the feet and carried up the lym-
phatics in early childhood or later. The
hereditary feature could be a hereditary lack
of immunity or a hereditary hypersensitivity
to such infection. This reasoning would be
unacceptable if these patients were born with
this condition or had it since birth. However,
in questioning the mothers among my pa-
tients with this trouble, the information is
exceedingly indefinite as to the age at which
the defect first was noticed. I could not ob-
tain any pictures of these afflicted individuals
in their infancy. The earliest age at which I
saw any of these cases was 14 years. Seeing
the leg size of my patients grow larger in
proportion as they grow older, get worse
after acute episodes of chills and fever, and
seeing Carl, Jr., with only slight involvement
in the left leg up until the spring of 1955, but
now with the left leg practically as large as
the right since his severc acute episode with
fever of 107°F. in the spring of 1956, it
seems to me that this theory of infection and
possible hereditary lack of immunity or a
hereditary hypersensitivity could be the eti-
ologic explanation.

A recent paper® described “dramatic”
improvement in a case of Milroy's disease
treated with prednisone, one of the Iatest
steroids of the cortisone type. On reading
this 1 started Carl, Jr., on Co-Hydra-Deltra
(prednisolone) by mouth, 5 mg. 4 times a
day, and Carl, St., on Meticorten (predni-
sone), 10 mg. 4 times a day. I measured
their calves and ankles before and after
10 days of this heavy dosage and saw no
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improvement whatsoever, These 2 paticnts
sec no improvement in their condition or the
way they feel.

This limited experience with this treat-
ment of my 2 cases and the “dramatic” im-
provement in the single patient referred to
in the recent paper * arc inadequate for any
warth-while conclusion. The “dramatic” im-
provement could have been attributable to
the elastic stockings and the postural exer-
cises that also were prescribed. Ernestine
and Carl, Sr., thought their improvement
“dramatic” for a while when in 1930 they
wore the high boots shown in Figure 12. 1
do not belicve that the steroids hold forth
any real hope of benefit in this afftiction.

For excellent presentation of the general
subject of lymphedema with mare recent
bibliography reference list, see reference 1.
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Persistente Edema Hereditari del Gambas—Morbo de Milroy

Summario in Interlingua

Es presentate Ie historia de un serie de
casos de persistente edema hereditari e
congenite del gambas, occurrente in sex
generationes de descendita ditecte de un
familia de Missouri in que dece-quatro ex
trenta-tres membros esseva affligite. Es in-
cludite un representation graphic del arbore
genealogic ¢ numerose photographias. Iste
casos satisface le mesme criterios que le
casos del serie de Milroy pro le quales Osler
ha introducite le nomine morbo de Milroy.
Es signalate-{e absentia (usque nunc) de un
adequate explication technic. Extense studios

del casos presente revelava nihil promittente
ab le puncto de vista del explication diag-
nostic, Le affligite membros de iste familia
exhibi muite altere defectos congenite, Le
acute episodios que es interpretate per certe
autores como de natura angioneurotic o
como neurosis representa in le opinion del
autor lymphangitis a infection fungal e se-
cundari. Es describite € commentate le tenta-
tiva de bandagear le gambas e le effectos

posterior de un typo de operation Sistrunk o
Kondoleon executate in un caso,
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Osteogenesis

Imperfecta:

Some Clinical and Genetic Considerations

C. NASH HERNDON, M.D,*

TERMINOLOGY

Osteogenesis imperfecta has been defined
as a generalized inherited mesenchymal de-
fect characterized by abnormal fragility of
bone, a bluish appearance of the sclerae,
and frequent development of otosclerosis.
Unfortunately, this condition has been as-
signed many different names, and more than
20 synonyms may be noted in the literature
of recent years. While the term osteogenesis
imperfecta seems to be most firmly en-
trenched in the English literature, the term
fragilitas ossium is recommended by the
American Medical Association for diagnosis
coding of hospital records (Plunkett & Hay-
den, 1952). The term osteopsathyrosis also
has some currency, and the eponyms in use
include Lobstein’s disease, van der Hoeve’s
syndrome, Eddowe’s syndrome and Vrolik’s
disease. Each of these eponyms is used in
a rather restricted sense to describe a par-
ticular combination of symptoms. As some
cases arc chnically apparent at birth and
others do not exhibit pronounced symptoms
until later in Dfe, it has been customary to
distinguish these groups as osteogenesis imn-
perfecta congenita and osteogenesis imper-
fecta tarda. Seedorfl’s monograph (1949)
discusses ternunology, and gives a careful
historic survey with a bibliography of 369
references

* Professor of Medical Genetics, Bowman Gray
Schoo! of Medicine of Wale Forest College, Wins-
ton-Salem, N C
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CLINICAL ASPECTS

The clinical manifestations of osteogenesis
imperfecta are quite variable. Recently Mc-
Kusick (1956) has given an excellent sum-
mary of the clinical findings, emphasizing the
fact that the disease “has wide systemic
manifestations and an exceedingly great
range of clinical severity.” The most out-
standing symptoms and signs are associated
with the skeletal system. Pathologic and
histochemical studies have shown that while
the growth and development of cartilage
is normal, there js a derangement in the
formation of osteoid, the organic matrix of
bong, probably secondary to some defect
of the osteoblasts (Follis, 1953). Biophys-
ical studies indicate that there is an abnor-
mal distribution of mineral salts and ar-
rangement of organic fibers, with the bone
remaining largely immature and failing to
undergo the usual transformation to com-
pact bone (Engfeldt et al., 1954). Often
there is deficiency in growth in length of the
long bones, due to jrregular development at
the epiphyseal plate. These defects of bone
formation and structure result in abnormal
bone fragility. Thus the occurrence of frac-
tures as a result of trivial trauma is the
most prominent feature of the discase, These
fractures usually heal well, but the forma-
tion of excessive amounts of callus, some-
times mistaken for osteosarcoma (Strach,
1953), and the development of pscudo-
arthroses are occasional complications, Mal-
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union with angulation is often observed. As
the bones are also more plastic than normal,
bowing of long bones is not infrequent, an
anterior bowing of the tibia being scen most
often. In severe cases the fong bones may be
markedly shortened, with micromelia being
one of the characteristics of the congenital
type. Various malformations of the spinc
and the thoracie cage may occur, The skull
frequently presents platybasia and frontal
bossing, and often numerous wormian bones
are found in the accipital region similar to
those seen in cleidocranial dysostosis. The
teeth ase quite susceptible to caries and often
present a yellowish-brown discoloration ap-
parently secondary to defective dentine for-
mation (Roberts & Schour, 1939). The ten-
dons and the joint capsules are also poorly
developed, resulting in laxness of ligaments
and excessive mobility of joints.

Often the blue color of the sclerae has
been emphasized as an important diagnostic
sign. This is described as a milky blue, slate
blue or robins-egg blue. In many patients
this color is quite pronounced, in others it
may be inconspicuous, and occasionally it is
absent in unquestioned cases of the disease.
The blue color is due to increased trans-
lucency of the sclera, which permits the
color of the underlying choroidal venous
plexus to become visible. Pathologic studies
of the eye have demonstrated a general de-
ficiency of coliagen and retention of imma-
ture precollagenous fibers (Ruedemann,
1953). Other ocular defects presumably
based on the same connective tissue de-
ficiency are reported occasionally, includ-
ing embryotoxon, keratoconus, megalocor-
nea and glaucoma.

The deafness which frequently develops
during the third decade is clinically in-
distinguishable from otosclerosis but must
be regarded as a special type that is etio-
logically and histologically distinct. Sclerosis
of the petrous portion of the temporal bone
may be demonstrated by roentgenograms.

Ankylosis of the stapes is the usual fesion,

althongh the cochlear type is encountered
occasionally. The patient may experience
tinnitus or vertigo. Pregnancy and middle
car infections may precipitate or aggravate
the symptoms of otosclerosis. Pregnancy is
also a hazard from the viewpoint of com-
plications in delivery, and pelvic deformities
may necessitate cesarcan section (Staples
& Riva, 1954).

Other manifestations secondary to the
widespread defect of collagenous tissue are
encountered occasionally. Neurologic signs,
secondary o pressure on the cranial nerves
or the spinal cord at the level of the foramen
magnum may occur with the more severe
degrees of platybasia. The skin is often thin
and atrophic in appearance, with a tendency
to hypertrophic scar tissue formation (Scott
& Stiris, 1953).

As McKusick (1956) and others have
emphasized repeatedly, the range of clinicat
severity in osteogenesis imperfecta is ex-
treme. In severe cases bony development js
quite deficient, multiple fractures may oc-
cur in utero, and the affected infant may be
stillborn with tiny extremities and caput
membranaceum. Some infants may sustain
fractures in the process of delivery, while
in others fractures may not appear until the
child attempts to walk. In milder cases frac-
tures may be few in number and appear
only later in life. Some individuals never
develop fractures but may be idennfied as
affected by blueness of the sclerae or minar
changes noticeable in roentgenograms. The
blue color of the sclerae is apparently the
most constant feature of the disease in nf-
feCKEd fan.ailu.ts, but even this may be absent
in some individuals. From a study of case
reports in the literature, Bell (1928) con-
cludes that among adults with blue sclerae,
about 60 per cent have a tendency to fmc.’
tures, about 60 per cent have otosclerosis,
and ab'out 44 per cent have all 3 defects,
There is genetic evidence, discussed below,
to suggest that some cases are subclinica]’
and may be mild enough to escape detection,
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INHERITANCE

Osteogenesis imperfecta has been recog-
nized as an inhented condition for many
years, Seedorff (1949) gives a translation
of a description of this disease in 3 genera-
tions of a family by Ekman in 1788. Since
then numerous pedigrees and case reports of
individual families and several careful stud-
ies of a series of cases have appeared. There
is overwhelming evidence that osteogenesis
imperfecta is due usually, and possibly al-
ways, to an autosomal dominant gene. This
genetic mechanism imples that any affected
person, if married to 2 normal individual,
will transmit the disease to approximately
half of the children. It is well known that
the chromosomes, and the genes located in
the chromosomes, occur in pairs. The auto-
somal dominant mechanism of inheritance
postulates that the affected individual pos-
sesses one pathologic or mutant gene paired
with a normal gene, located on one of the
22 pairs of chromosomes other than the
X and the Y or sex chromosomes. A mutant
gene is classified as dominant if its physio-
logic effect is stronger than that of the nor-
mal gene with which it is paired, its allele.
Therefore, a dominant mutant gene usually
will produce a recognizable abnormality
even when paired with a normal gene. A
person having one mutant and one normal
gene paired is said to be heterozygous for
the mutant gene, while an individual with
two identical mutant genes paired is said to
be homozygous for the mutant gene. Pa-
tients with osteogenesis imperfecta are thus
thought to be heterozygous for the mutant
gene responsible for this disease. An in-
dividual heterozygous for a mutant gene will
form 2 kinds of gametes (sperm or ova),
half containing the mutant gene and half
containing the normal allele. If the spouse
is producing only normal gametes, then half
of the children would also be heterozygous
for the mutant gene The exact physiologic
effect of the mutant gene 1s unknown, but
it apparently produces a gencralized mesen-
chymal defect which mhibits the maturation

of collagen beyond the reticulin fiber stage
(McKusick, 1956).

A large number of extensive pedigrees
have been published demonstrating typical
dominant transmission of the full syndrome
of osteogenesis imperfecta through several
generations (Bell, 1928). As many as 27
affected persons in 5 generations of one
family have been described (Hills and Me-
Lanahan, 1937). Such pedigrees are in full
agreement with the mechanism described
previously. On the other hand, there are also
numerous observations which at first sight
do mot seem fo be compatible with the
dominant gene theory. These observations
generally fall into 2 groups: (1) apparently
irregular pedigrees, in which an occasional
normal person will transmit the disease to
one or more children; (2) apparently spo-
radic cases, with a family history entirely
negative for osteogenesis imperfecta. These
situations must be accounted for adequately
if the theory of dominant transmission is to
be considered as established.

Irregular pedigrees, which may be dis-
turbing at first sight, are readily explained
by appeal to a principle which has been
shown to have wide applicability in human
genetics, that of reduced penetrance. The
concept of reduced penetrance of genes is
simply the geneticist’s way of expressing
the common clinical observation that there
may be subclinical cases of a disease that
are not diagnosed. While the concept of the
subclinical case is general knowledge in
connection with infectious diseascs, it is not
mentioned so often in connection with con-
stitutional disease. With regard to inherited
disease, it must be remembered lhaf‘thc
presence of an abnormal gene in a fertilized
ovum is not equivalent to the development
of disease in the individual. A number of
intermediate steps, involving biochemical,
physiologic and physical faclo.rs,' must occur,
While a pa(hclogic gene may mlfmlc a given
series of rcactions or may sct limits within
which certain reactions must occur, this
series of reactions might be modified by a
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number of possible factors. It is easil)t con-
ceivable that one individual possessing a
pathologic gene might react by developing
a clinically severe abnormality, while another
individual with the same gene might be able
to compensate for the abnormality partially
or completely and thus present a very mild
case, a forme fruste, or a subclinical and
asymptomatic form of the condition, The
recognition of subclinical cases may depend
on the level of diagnostic skill or the avail-
ability of specific laboratory tests at a given
time. It must be admitted that the fact that
a given individual may represent an un-
recognized and asymptomatic case does not
alter his genetic composition or genotype,
and that the subclinical carrier of genetic
disease is fully capable of transmitting the
defect to his offspring.

An example of reduced penetrance or a
subclinical case is seen in Figure 1. This is
the pedigree of a family taken from a series
of 33 families with osteogenesis imperfecta
studied by the Department of Medical Ge-
netics of the Bowman Gray School of Medi-

FiG. 1. Pedigree illustrating variation
in severity of osteogenesis imperfecta and
a subclinical case (reduced penetrance).

cine from 1940 to 1955. In the central sib-
ship (4th generation) of Figure 1, there were
10 children. The first 6 were normal with
regard to bone fragility, although one died
of diphtheria at age 1 year. The 7th preg-
nancy of the mother resulted in triplet boys,
of whom one was a stillborn macerated
fetus. Autopsy of the stillborn child was not
obtained, and it is not known whether or
not he presented any signs of osteogenesis
imperfecta. On the day after birth the par-
ents discovered a fracture of the Ieg of the
second-born triplet. The child was referred
to a hospital at the age of | month when
roentgenograms demonstrated 7 fractures,
involving 3 of the extremities and 2 ribs.
All long bones were short and stubby with
poor calcium content and with bowing de-
formities. Blood caleium, phosphorus and
phosphatase studies were normal, This child
continued to have fractures and increasing
deformities and expired with bronchopneu-
monia shortly before the 2nd birthday. The
surviving member of the tripl

v et set was Jast
examined at the age of §,

He presented a
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typical china-blue color of the sclerae, which
had been noted in infancy but had sustained
no fractures. As it was not possible to ob~
tain extensive blood typing and palm and
finger print studies for diagnosis of zygosity,
it is not known whether these triplets were
derived from 1, 2 or 3 ova. A younger
sister of the triplets, when Jast seen at the
age of 3, also had china-blue sclerae but had
sustained no fractures. The important part
of this pedigreec concerns the older sister
of the triplets, aged 18 when last seen, who
had a daughter 1 year old with the severe
form of the disease. This child had blue
sclerae and had sustained 5 fractures of the
extremities. Roentgenograms showed typical
bone changes of osteogenesis imperfecta.
The mother of this child was entirely normal
on physical examination and did not have
blue sclerae. By roentgenogram the cortices
of some long bones were questionably thin
but were within the usually accepted normal
range. The conclusion seems inescapable that
this woman, with an affected child and 3
affected sibs, must represent a subclinical
case not diagnasable by physical or radio-
logic examination. She must also be hetero-
zygous for the dominant gene which pro-
duced brittle bones and blue sclerae in her
daughter and one brother, and blue sclerae
alone in another brother and sister. The

In these terms a disease due to a dominant
gene with 90 per cent penetrance would
produce clinically apparent disease in 90
per cent of persons having the gene, while
10 per cent would be subclinical carriers. 1t
the penetrance figure is known with ac-
curacy, one then has a risk figure for the
appearance of the abnormality in the off-
spring of apparently normal sibs or children
of patients. Unfortunately, we do not as yet
have sufficient data to specify a penetrance
rate for the gene responsible for osteogenesis
imperfecta.

The second implication of the demonstra-
tion of reduced penetrance of the gene for
osteogenesis imperfecta is a purely theo-
retical one but gives some hope for the de-
velopment of a rational method of therapy.
If some individuals possessing the abnormal
gene have no clinical evidence of the dis-
ease, some mechanism must exist which is
able to compensate for or to suppress the
pathologic effect of this gene. It is at Jeast
possible that this mechanism, completely
unknown at present, might be susceptible to
deliberate induction or intelligent manipula-
tion as a form of therapy. It is possible that
further study of families with osteogenesis
imperfecta, and particularly of genetically
identified carriers, might yield some clue
leading to identification of the postulated

comrg mect

parents of this woman were also d
and were normal, but it seems likely that
onc of them may also be a subclinical carrier.
Examination of the uncles, the aunts and
several first cousins of the triplets was also
essentially negative

The existence of subclinical carriers of
osteogenesis imperfecta has 2 important im-
plications, From the strictly practical view-
point, it 1s not safe to assure an apparently
normal sib or child of a patient with this
condition that their ctuldren will all escape
the disease. The undetected carner may also
transmit the discase It 15 useful to express
the penctrance of a gene as the frequency,
usually stated as a percentage, with which
the pathologic gene produces chneal discase.

13 e

The second observation mentioned earlier
which must be explained if the theory of
dominant gene ctiology of osteogenesis im-
perfecta is considered as established is l}!c
frequent appearance of apparently sporadic
cases of the diseasc. Sporadic cases may
represent one or more of several possible
genetic situations. First, it is entirely Iikely
that certainly some and possibly all of the
sporadic cases may represent lhc_ ﬁrsf clin-
ical appearance of a new mutation in the
farmly under consideration. It is well estab-
lished that new mutations arc constantly
appcaring in familics in which they have
not been known previously. Most of these
arc duplicates of mutations that have ap-
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peared previously in other families, and
most of them are also pathologic, producing
hereditary discase, although some mutations
are advantageous to the individual, and
the gradual Iation of advantageou
mutations is one of the basic mechanisms
of evolation. It appears that certain normal
genes are relatively unstable and frequently
undergo mutation to form specific patho-
logic genes, the rate of this transformation
being termed the mutation rate of the patho-
logic gene, usually expressed in terms of
chromosomes per generation.

An example of the appearance of a new
mutation of the gene for osteogenesis im-
perfecta may be seen in Figure 2. This
pedigree describes a family in which 3 gen-
erations of patients with osteogenesis imper-
fecta now exist. However, it will be noted
that if this family had been studied 50 years
ago, before the persons in the 2 youngest
generations were bormn, it would have given

the appearance of a sporadic case. At this
time, the situation was that of onc female
patient with typical ostcogencsis imperfecta
with blue sclerac, with 10 normal sibs living,
normal parents and grandparents, and no
history of any similar defect in any known
relative. Later events proved that the usual
dominant gene was present in this family,
as the affected woman had 2 children with
osteogenesis imperfecta, and her affected son
also has a son with the same condition. Also it
should be noted that the 10 normal sibs of
the original patient had only normal children
and grandchildren. It is thus apparent that
many of the sporadic cases seen are sporadic
only because they have no aflected children,
and represent the first clinical appenrance
of a new mutation.

A second explanation for the appearance
of sporadic cases is the possibility that some
cases might be due to a different gene,
either avtosomal recessive or sex-linked. If

OSTEOGENESIS IMPERFECTA
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Fie. 2. Pedigregt showing first clinical appearance of new mutation
and its transmission to 2 additional generations,
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a recessive gene were involved, the affected
children would be homozygous for the patho-
logic gene, and the normal parents would
be both heterozygous for this gene, or
carriers. As only 25 per cent of the chil-
dren of a marriage of 2 carriers would be
expected to be homozygous, many families
would contain only one affected child. As
any postulated recessive gene for osteo-
genesis imparfecta must be rare in the gen-
eral population, the mating of 2 unrelated
carriers would be quite uncommon, and the
marriage of cousins would provide a large
proportion of the parents of affected chil-
dren, Cousin marriage among the parents of
patients with osteogenesis imperfecta has
been reported only rarely, and there is no
evidence that cousin marriage is of any sig-
nificance in relation to this disease. While
the possibility of recessive inheritance can-
not be excluded on this basis, it at least be-
comes unlikely. If a proportion of sporadic
cases were due to a sex-linked gene, we
would expect to find more affected males
than females in this group of patients. No
disturbance of sex ratio among sporadic
cases appears in systematically collected
material, In the series of 180 cases in 55
families examined by Seedorf (1949), there

are 33 sporadic cases, 15 of these male and
18 female. In the series of 72 cases in 33
families seen by the writer, 18 were sporadic,
8 were male and 10 female. There is no
evidence to suggest that a sex-linked type
of osteogenesis imperfecta might exist.
The third possibility suggested by the
sporadic cases is that some of these might
be due to purely environmental influences
and not to genetic abnormality. In experi-
mental animals it has been demonstrated that
many genetic abnormalities can be duplicated
by environmental shock (temperature
change, chemicals, etc.) applied to the de-
veloping embryo at a critical stage of de-
velopment. Goldschmidt (1955) has desig-
nated these environmentally produced
mimics of hereditary disease as phenocopies.
It seems certain that phenocopies also exist
in man. For example, microcephaly is due
to a recessive gene in some families, but
it is also known that the condition may be
produced by certain environmental agents
(maternal rubella, radiation) acting early
in pregnancy when the brain is developing
rapidly. At present we have no evidence
that any environmental change can produce
the clinical picture of osteogenesis imper-
fecta, and it is difficult to concewve of any
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combination of cvents compatible with life
that could produce this specific and wide-
spread damage to developing collagenous
structures. While this possibility cannot be
dismissed on the basis of presently available
knowledge, it at least scems to be rather
unlikely, In summary, it seems to be es-
tablished that most, if not alt, sporadic
cases of osteogenesis impesfecta represent
mutations of a dominant gene, but the pos-
sibility that some cases may be due to a re-
cessive gene cannot be excluded.

‘The possibility that a genetically recessive
type of osteogenesis imperfecta might exist
is somewhat strengthened by the oceasional
observation of 2 or more cases in a single
sibship, as is illustrated in Figure 3. In this
family, 3 children presented typical osteo-
genesis impesfecta with deformities, recur~
ring fractures and blue sclerae, while 2 sibs
were normal on examination. Both parents,
3 uncles and aunts and 4 first cousins were
normal on examination, and other relatives
were reported to be normal. The paternal
grandparents of the patients were first
cousins, but this is not significant with re~
gard to the affected children. This pedigres
mught easily be interpreted as suggesting the
action of a recessive gene. Pedigrees of this
type are apparently uncommon, McKusick
(1956) remarks that he is not aware of
the occurrence of 2 such offspring from
parents who are indubitably normal, and
that even if the patents were normal by
every gauge, suspicion of subtle abnormality
would reman. McKusick’s suspicion of sub-
tle abnormality is certainly well founded.
Tt will be noted that the pedigrees in Fig-
vres 1 and 3 are distinguishable only be-
cause of the appearance of an affected child
in the youngest generation in Figure 1, and
it seems likely that the mechanism of in-
hertance is the same in both families. It
seems more Jogical to suspect that one of
the parents in Figure 3 might be a subclin-
ical carrier of a dominant gene than to postu-
{ate that this family represents an etiolog-
feally distinct variety of osteogenesis im-

perfecta due to v tecessive gene. Certainly
there is no clinically apparent difference in
the discase present in the family deylc.t'cd
in Figure 3 and that present in families
with undoubted dormi t ission of
asteogenesis imperfecta, However, the ques-
tion of the possible existence of a recossive
type must remain open until a sufficient
number of systematically collected cases are
accumulated to permit a statistically refiable
decision. Individual case reports from the
literature, which probably are biased in favor
of reporting the unusual, are ot reliable for
this purpose. The largest series of cases
yet reported, that of Seedorf (1949), is not
sufficient to exclude the possibility of reces~
sive inheritance and is also not sufficient to
estimate either the mutation rate or the gene
frequency of the known dominant gene with
accuracy.

While the data are insufficient to estimate
the mutation rate in absolute terms, it is of
some interest to estimate the proportion of
cases seen in practice that represent the first
clinical appearance of a new mutation. OQur
own figures, based on 72 cases in 33 families,
agree . well with those of Seedorf (1949)
based on 180 cases in 55 families, and these
have been combined. In the total material,
51 cases were sporadic, with family history
negative for similar aflliction. If one con-
siders this on the basis of family groups onty,
S8 per cent of the families seen contained
only 1 recognized case. In terms of total
cases, the 51 with negative family history
would be 20 per cent of the total, but it
must be remembered that not all of these
cases were living at one time, and some were
so mild that they would not present as pa-
tients, While an exact figure cannot be given,
it is estimated that not less than one third
of the cases seen by physicians would be

expected to give a history negative for other
cases in the family,

SUMMARY AND CONCLUSIONS

The clinical picture of osteogenesis im-
perfecta is summarized briefly, and refer-



140 Osteogenesis Imperfecta

ence is made to more extensive clinical dis-
cussions in the literature. The extreme range
of clinical severity, from severe and often
fatal cases present at birth to individuals
identified only by blueness of the sclerae, is
emphasized,

Evidence concerning the mechanism of
inheritance of osteogenesis imparfecta is ex-
amined critically. Evidence is presented for
the existence of subclinical cases or carriers,
asymptomatic and not diagnosable by pres-
ently available technics. It is concluded that
certainly the majority, and perhaps all, of the
cases are due to an autosomal dominant
gene which produces a generalized mesen-
chymal defect with inhibition of the matura-
tion of collagen. The possibility that some
cases may be due to an autosomal reces-
sive gene cannot be excluded. Apparently
sporadic cases, with family history negative
for similar disease in any relative, are fre-
quent, and most if not all of these repre-
sent the first clinical appearance of a new
dominant mutation. It js estimated that
about one third of the cases seen in practice
will give no history of an affected relative.
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Osteogenese Imperfecte Alicun Considerationes Clinic e Genetic

Summario in Interlingua

Osteogenese imperfecte es un generalisate
e hereditate defecto mesenchymal que es
charactenisate per un fragilitate anormal del
ossos € resulta in recurrente fracturas e de-
formutates, un apparentia  blavastre del
sclera, ¢ le frequente disveloppamento de
otosclerosis 1! existe m iste condition un
extensisstme scala de severitate clinic que
varia ab grave ¢ frequentemente mortat for-
mas if al temp del ia

usque a Jeve formas que €s identificate sol-
mente per le color blau .dcl scle.m.

Es presentate un examine cntic (.lc factos
e observationes relative al mechanismo del
hereditage de osteogenese imp?rfcc.tc. 1t ha
observationes que indica que il existe por-
tatores de iste condition in {orma.s su'bchm:
que non es dircctemente diagnosticabiie pr
le nunc disponibile technicas. Iste portatores
¢s ben capace a transmitter le morbo a lor
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infantes, ¢ le plus sever formas pote oc-
currer inter Ie infantes de portatores asymp-
tomatic. Es formulate le conclusion que certo
le majoritate del casos, ¢ forsan omnes, ¢s
debite 2 un gen dominante autosofnal que
produce un generalisate defecto mesenchy-
mial con inhibition del maturation collagenic.
Le possibilitate que certe casos es debite
a un gen recessive autosomal non pote csser
rejicite  compl Apparent y
casos sporadic es frequente con Hhistorias
familial que es completemente negative pro

omne morbos affin. Le majoritate del casos
sporadic, ¢ possibilemente omnes, repre-
senta le prime manifestation clinic de un
nove mutation dominante. Es a expectar
que casos sporadic que attinge lor maturitate
teansmitte Ie morbo, como regula median, a
levemente minus que un medictate de lor
infantes. Nos estima que circa un tertio del
casos presentate in le practica medical non
ha un historia famitial de occurrentias del
morbo in consanguineos,
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Heredity As a Factor in Malignancy

H. WINNETT ORR, M.D.*

When the occurrence of lung cancer be-
came a very hot topic in both the medical
and lay press, I returned to a study that I
had made some years ago of heredity as a
factor in malignant and other diseases. As a
result of that investigation I had come to
certain conclusions with reference, particu-
larly, to the occurrence of cancer as shown
in many generations of mice by Dr. Maude
Slye,} in Chicago.

Dr. Slye found upon a study of thou-
sands of mice, through many genera-
tions, that dominant, recessive and hybrid
tendencies could be tabulated, recorded and
reduced to statistics, and that definite con-
clusions could be arrived at, as to the oc-
currence, or the exclusion, of cancer from
families of mice, and that for each selected
series of breedings, predictions could be
made as to the appearance or the nonap-
pearance of cancer in succeeding families
and indwiduals.

Dr. Slye said:

In the human species, where pure strains are
very rare¢, and where hybnds of unknown an-
tecedents are the rule, it 1s practically impos-
sible to know whether or not certain char-
acteristics wall appear.

To a certain extent, however, and with a
fair knowledge of our antecedents we may
often be able to say that we do, or do not,
belong 10 a family in which cancer, and es-
pecially Jung cancer, 1s likely to occur,

*® Lincoln, Nebraska

t Slye, Maude- Cancer and heredity ¢n Studies
from the Otho S A Sprague Memonal Institute,
Unnersity of Chicago, 1910-1930
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If our own parents were cancer free, for
example, and if their 4 parents were also
cancer free (all having lived to cancer age)
we probably shall have lung cancer {with
cigarette irritation) only if one of our grand-
parents (not our parenfs) was a cancer
hybrid in that level of our ancestry. This
would give us, in other words, the right to
smoke cigarettes with more or less impunity
(and probable immunity) and with small
danger of lung cancer.

Dr. Maude Slye, devoted more than 40
years to her study of cancer in mice. She
showed that cancer could be bred into, or
out of, mouse families with almost exact
precision according to the rules of heredity
set up by Mendel. She atlowed, of course,
for the factors fur 1 to such re h,
hereditary susceptibility, either dominant or
recessive and either internal or external ir-
ritation of sensitive tissues to precipitate the
malgnant growth. She showed not only that
succeeding generations of sclected cancer-
susceptible mice would have growlhs‘ with
mendelian regularity but also that Qarucu)nr
cancers, like lung cancer, gaslra-mlcstmal
cancer, or pelvic cancer c_ouk‘{ be “propa-
gated” by selective breeding in the same
way. And, more importantly, she demon-
strated that cancer-free mice could be mated
for many generations without the appcarance
of cancer atall.¥

From Dr. Slyc’s experiments in 1h.c he-
redity of cancer it appears that inheritance
fStudies from the Otho S A. Sprague Me-
morial Institute, Chicago, 16:63.
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akes the form of susceptibility to cancer
(n recessive characteristic) and not to direet
nheritance of the cancer itself, (dominant).
This can be demonstrated in several ways
but in no better way perhaps than by the
fact that Dr, Slye in her experiments has
gone so far as to develop certain strains of
cancer-susceptibfe mice in which the cancer
appears mot only regularly in succeeding
generations but appears even in the same
organs or in the same part of the body in
true mendetian percentages of all the indi-
viduals studied.

In one form of cancer—cancer of the
lung—which is very rare under ordinary
conditions, Dr. Slye was able, by mating in-
dividuals who showed lung cancer, to de-
velop succeeding generations in whom al-
most exactly correct mendelian pzrcentages
of individuals developed cancer of the lung.
She has shown that this can be made 10
occur also for other cancer conditions by
selecting parents of strains known to be
susceptible to certain kinds of cancer and
by selecting the offspring of these parents
even though the individuals themselves do
not have cancer. She was able to show suc-
ceeding generations in which each certain
type and form of cancer and in certain re-
gions of the body occurred regularly as was
10 be expected accarding to the experience
in regard to other mendelian characteristics.

Dr. Slye said:

Whenever tn this laboratory two analyzed
cancer free mice have been mated, it has al-
ways been possible to secure 100% cancer-
free famies, In such crosses no instance of
cancer in the succeeding strain has ever oc-
curred. Also, when two cancerous mice have
been mated it has been possible to secure
100% cancer susceptible strains except for
those mice that have died in infancy or that
have been swept off by infections eatlier in life
than the normal age for the type of cancer to
which they are predisposed.” Occasionally a
mouse 1 one of these 100% cancer strains de-
fived from double cancerous parentage has de-
veloped a cancer when only two weeks old,
although six months is an early cancer age in

mice and is approximately the cquivalent of
about 32 years, an early cancer age in man.*

In two reports by Dr. Slye, in 1941, she
deals with the type of tumor and the age at
which it occurs in one series of 7,332 mice,
and with 2,865 lung cancer mice out of a
total of about 150,000 in the other. In all
of these, with all of the points about the
checking and study of evesy mousé, she
comes up with her carlier conviction that
all of these conditions are influenced by
only two principal factors, that is, heredity
and local tissue irritation,

The fact that individuals may have a can-
cer precipitated at an earlier age, or in a
more aggravated form, by either internal or
environmental irritations, is always recog-
nized. But it is also pointed out that a
known hybrid recessive individual may be
protected, sometimes for as long as he lives,
by guarding against these irritations (such
as cigarettes) with sufficient care.

Dr, Slye was entirely convincing so far
as her observations and findings were con-
cerned. Her matings of the laboratory ani-
mals and her diagnoses of the growths in
the generations of “cancer susceptible” fam-
sies were not questioned. But, as often hap-
pens, scientists “fell ont” over some of her
conclusions and their own explanations as
to how, or to what extent, chromosomes and
genes entered into the occurrences which had
taken place.

Dr. Madge T. Macklin, in a letter to me,
said that Dr. Slye had thought at first that
cancer susceptibility was transmitted by a
single recessive gene. Many geneticists
thought that she was wrong, and she aban-
doned that opinion. Dr. Macklin said:

Slye was wrong in assessing all cancers to
2 single recessive gene (one for each type of
cancer) and Little was also wrong in assuming
that there was dominance, Lung cancer was
thought at first to be due 10 a single dominant

but that now is thought to be due to many
genes.

* Studies from the Otho

S A i
Institute, 16:963, Sprague Memorial
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Further Studies of the Inheritance
of Hand and Foot Anomalies

OLA JOHNSTON, PH.D.*

Malformations of the hands and the feet
are common and of many kinds, and are
clearly recognizable in individuals when
present, for the abnormalities are in sharp
contrast with the normal.

Snyder says that

any finished character is the co-operative result
of hereditary and environmental influences, and
neither genes nor environmental influences can
be solely responsible for any character.

The hereditary material that a parent
contributes to an offspring consists of a
complement of genes. When 2 gametes that
contain a set of chromosomes and genes
unite, a zygote or fertitized ovum is pro-
duced. The zygote then contains 2 sets of
genes, and these genes are passed by mitosis
to daughter cells. Therefore, all the cells of
the body will have the same genetic compo-
sition as did the zygote. The genetic constitu-
tion of man thus reccived determines his
developmental potentialities, but a change
in the germ plasm may cause an abnormal
development of a character. When such a
change is a permanent transmissible one,
it is called a mutation. Mutations usually
are harmful rather than beneficial While
it is true that most genes are very stable
in structure, it is probable that all con-
genital anomalies were produced onginally
by some action on the genic structures or
by cnvironmental influences or by both ef-

® Denton, Texas.
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fects. If the anomaly is consistent, and if
it is transmitted from parent to child for
generations, it is believed that the anomaly
is inheritable, and that it may be transmitted
through dominant genes.

The pattern of development may be in-
fluenced by disease or by the environment.
An example of the latter is given by Greulich
and Pyle, who found that the bones of the
hand and the wrist had a rather constant
order in which the carpals and the epiphyses
began to ossify, but that a precocious pu-
berty, when gonadal and other hormones
were present abnormally early, would ac-
celerate the rate of ossification and skeletal
development. On the other hand, decreased
gonadal hormones produced by immature
gonads would retard the skeletal develop-
ment of the hand,

An indwvidual may receive genes for tall-
ness from his pareats and not develop to the
potentialities of his genotype when his diet
is deficient in the vitamins and the minerals
necessary for the formation of a norm.al
skeleton. But no amount of adequate dict
will cause him to develop into a tall person
if he does not possess the genes for tallness.
Here the genotype determines the height
of the individual

In this study dircctions for the construc-
tion of a padigrec chart are given, and the
results of a study of some hand and foot

alies arc pr 4. The malfor
which arc included are zygodactyly, clino-
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Fi6. 1. (Top} Sample pedigree chart. Roman
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gated. Arabic figures focate individuals, Ex.
ample: II-3 = the male in the 3rd generation
who married his cousin 1[4, (Bottom) Expia-
nation of symbols,
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FiG. 3. Pedigree 2. A 3-generation pedi-
gree of a family showing webbing between
all toes of both feet with transmission in
the male line only.

develop and elongate, the webbing decreases,
until at 8 weeks only remnants remain at the
base of the digits. In the case of zygodactyly
the webbing is not reduced but grows out-
ward with the toes. Stiles and Hawkins
(1946) concluded that because of the em-
bryogeny of webbed toes, zygodactyly ap-
peared at birth and did not increase as the
individual grew older.

The rarity of zygodactyly is shown by
Schurmeier (1943), who reported that in the
examination of 20,000 drafted servicemen,
only 8 cases of zygodactyly were found, and
these always between toes 2 and 3.

In the present study the pedigrees of 2
new cases of zygodactyly are presented;
these were obtained through the co-operation
of college students of North Texas State
College. Since these families lived at a dis-
tance from Denton, Texas, it was not pos-
sible to obtain either photographs or roent-
genograms of any affected indwviduals.

In Pedigree 1, Figure 2, 6 males show
zygodactyly of toes 2 and 3. The webbing
extends beyond the 2nd joint on the right
foot, but not to the 2nd joint on the left
foat. One male, II-5, shows only a shight
webbing between toes 2 and 3. The webbing
does not prevent the movement of either
toe or of both toes, and it is present at birth
but does not increase with the age of the per-
son affected. Since the webbing occurred
between the 2nd and the 3rd toes and no
syndactylia was present in the hands, this
case would be classified by Bell as Type A;.
Zygodactyly is present in the males and is
transmitted from an affected male to his
sons bat not to his daughters; therefore, the
pedigree of the family presented suggests
that zygodactyly is inherited as a dominant
gene, located in the y-chromosome with
incomplete penetrance and variation in ex-
pression.

Fig. 4. A S-generanon pedigree (Pedigree 3) ol a family showing clinodactyly and
streblomicrodactyly-
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Fia, 5. Hands of propositus (V-8, Pedi-
gree 3) showing minor streblomicro
dactyly.

The propositus of the 2nd family (iI-3,
Pedigree 2) reported as having zygodaf:tyly
gave the information that produced Pedigree
2, Figure 3. This case is of particular in-
terest because the webbing is present be-
tween all 1oes of both feet and reaches al-
most to the tip of the toes. The skin holds
the toes tightly and prevents any individual
movement. The extreme zygodactyly causes
the feet to be very nmarrow but does not
impede locomotion. The anomaly is present
in the males and is transmitted from affected
fathers to their sons but not to their daugh-
ters. The pedigree of the family presented
suggests that the zygodactylous condition of
all the toes is inherited as a dominant gene
located in the y-chromosome with high pene-
trance and no vanation.

The 2 pedigrees are important, for they
contribute more information on zygodactyly
and give support to the dominant y-chromo-
some method of inheritance.

CLINODACTYLY AND
STREBLOMICRODACTYLY

Stoddard (1939) clarified the nomen-
clature of hereditary crooked fingers by de-
fining camptodactylia as the flexion of any
finger, whereas streblomicrodactyly refers
to the flexion in only the little finger. In this
same article Stoddard records a family with
11 cases in 4 generations of crooked little
fingers due to a short tendon. In 1 case
the defect was corrected by massaging and
thus stretching the tendon.

Hefner (1929) concluded that the in-
ability to extend one or both little fingers
in. the region of the proximal phalangeal
jomnt was caused by an abnormal shorten-

Fi6. 6. Dorsal view of hands of pro-
positus (V-8, Pedigree 3) showing clino-
dactyly.

ing of the flexor tendon which attached to
the middle phalanx of the little finger.
Hersh, De Marinis and Stecher (1953),

Fic. 7. Roentgenogram of hand of
propositus  (V-8, Pedigree 3) showing
mediat view of little finger, bone structure
and position in streblomicrodactyly.
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Fic. 8. Roentgenogram of left hand of
propositus  (V-8, Pedigree 3) showing
angle of radial deflection in clinodactyly.

in a study of clinodactyly of the little finger,
refer to the clinodactylous condition as a
permanent radial inclination of the Sth digit
caused by defective bone formation on the
radial side of the middle phalanx of the
5th finger. From an analysis of their data
and a review of the data of Bell (1951 and
1953), Hefner (1924, 1929, 1941), Pol
(1921), Koenner (1934), Moore and Mes-
sina (1936) and Stoddard (1939) on
crooked little fingers, these authors con-
cluded that the inherited types of crooked
little fingers might be divided into 3 general
categories: (1) those due to incomplete os-
sification; (2) those due to abnormal ten-
dons; and (3) those caused by fused os-
sification.

A new case of clinodactyly was made pos-
sible when the propositus (V-8) of the fam-
ily pedigree (Pedigree 3) reported here, a
college student. drew the author’s atten-
tion to his crooked lttle fingers. Through
his co-operation the photographs and the

roentgenograms of his hands revealing the
extent of the anomaly were obtained. Inquity
regarding members of the young man’s fam-
ily produced the pedigree. Figures 5 and 6
show the hands of the propositus (V-8,
Pedigree 3). Figure 5 illustrates the condi-
tion of streblomicrodactyly, while Figure 6,
a different view of the hands, shows the con-
dition of clinodactyly. Figures 7 and 8 are
roentgenograms of the propositus, Figure 7
is a medial view of the little finger in which
bone structure and position in streblomicro-
dactyly are revealed. Figure 8 indicates the
angle of radial deflection in clinodactyly of
the little finger of the left hand.

Since the roentgenograms revealed littlz
or no incomplete bone development of the
radial side of the middle phalanx, clmo-
dactyly and streblomicrodactyly are the re-
sult of a short flexor tendon attached to the
middle phalanx of the little finger.

No available information could be ob-
tained regarding crooked little fingers in I-1
and I-2 of the pedigree of the family pre-
sented here, Pedigree 3. It may be assumed
that one or the other carried the gene for
the anomaly. Generation II reveals 2 af-
fected males and 1 who did not show the
trait; but of his 6 children, 5 show the
crooked little finger. The trait is shown in
II-5, who has a daughter and a grand-
daughter with the anomaly, In Generation
111, 6 indwviduals are affected, and in Gen-
eration IV 11 are affected.

Generation V reveals 5 individuals hav-
ing crooked little fingers, making a total of
24 persons affected in the 5 gencrations.

According to Stoddard’s nomenclature of
hereditary crooked fingers, the anomaly in
this family is streblomicrodactyly, but, ac-
cording to Hersh, De Marims and Stecher,
the crooked little finger of this family belongs
in their Class 2. This class includes all cases
of crooked little fingers due to abnormal
tendons. The pedigree (Fig. 3) reproduced
here indicates that the trait is inherited as
a simple mendelan dominant gene with re-
duced penetrance.
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Fic. 9. Showing brachydactylia. (After

Johnston & Davis? Am. J. Human Genet.
5:356-372)

BRACHYDACTYLIA AND
BRACHYMETAPODY

Brachydactylia is the abnormal shortaess
of the Fingers and the toes. The condition may
be caused by short phalanges or by the ab-
sence of certain phalanges in either fingers or
toes, or in both fingers and toes, of an affected
person. Brachymetapody is & related con-
dition in which the phalanges are of normal
length but one or more of the metacarpals
or metatarsals are abnormally short.

Breitenbecker (1923) and Hefner (1924)
reported cases of brachydactylia in which
tbe terminal phalanx of the thumb of af-
fected mndividuals was shortened. The trait
was reported by each author to be a simple
mendelian dominant.

Cutter and Nelson (1931) mentioned the
accurrence of brachydactylia only in the
feet of the family reported by them, and in
each it appeared as a simple domi Ac-

-

Fra. 10. Roentgenogram showing brach-
ydactylia, {After Johnsten & Dawist Am.
J, Human Genet. 5:356-372)

Five generations of a large family in West
Virginia with short digits were reposted by
Walter (1938). The trait was inherited 25
o simple mendelian dominant, but the ex-
pression of the gene varied from one in
which a few or alt fingers or toes were short
10 one in which both fingers and toes were
short,

A case of brachydactylia in which the

cording to these authors, brachydactyha is
one of the first mendelian traits found in
man. In other families the condition may
occur in the hands or the feet only, or in
both hands and feet.

Brachydoctylia was reported by Sayles
and Jailer (1934) in 4 generations of a
family in which the anomaly was regarded
as a simple dominant. All affected indi-
viduals bad short thumbs in which the ter-
winal phafanx of the thumbs was shostened
and widened, resulting in a squatly ap-
pearance of the whole dgit.

anomaly was tr d a5 a recessive trait
was reported by Cohn and Ravin (1941).
The condition appeared as a bilateral sym-
metssc shortening of the index fingers and
the first toes. The hands and the feet were
normal in every other respect.

MeNuit (1946) suggests that many, if not
all, forms of human brachydactylia are the
result of the same dominant autosomal gene
with reduced penetrance and varying ex-
pressivity.

Jobtmston and Davis (1953) reported &
possible mutation in 2 single case of brachy-
phalangia in a pedigree of a family of 3
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FiG. 11. Showmng brachymetapody.

generations. In this pedigree the affected
person has a brachydactylous condition of
the hands (Fig. 9) in which all the digits
are affected, except the 4th, or the ring,
finger on each hand. The Ist phalanx of
the right thumb, although shorter than nor-
mal, is Jonger than the corresponding pha-
lanx of the left, Moreover, the thumb of the
right hand is slightly crooked, whereas that
of the left is relatively straight; otherwise,
the 2 hands are bilaterally symmetric. Figure
10 is a roentgenogram which shows that the
middle phalanx of the index, the middle and
the 5th fingers of each hand is shortened
considerably. The 1st and the 2nd pha-
langes of the index and the middle fingers
on both hands are shortened, but not to the
extent exhibited in the middle phalanges.

This case is included because it repre-
sents a variability of the expression of the
gene for brachyphalangia. Since only one
individual of this family shows brachy-
dactyly, one cannot be certain of the cause,
but, if it is a mutation, this case is evidence
that mutations may occur sporadically in
man.

Brachymetapody has been reported in the
hands or the feet or 1n both hands and feet
of affected ndividuals Gillette (1931) re-
ported a case in which the metacarpals of
the 3rd fingers of both hands were shortencd.
In all cases the defect was not observed
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Fia. 12. Roentgenogram showing brachy-
metapody.

until he or she was 7 years of age. The
trait was transmitted as a mendelian
dommant

A case of bmchymempody. in which the
4th finger of the left hand hardly reached
to the joint of the 2nd finger, was reported
by Koenner (1934).

According to Stiles (1946), brachymeta-
pody is a relatively rare anomaly, 11.1 a fam-
ily of 4 generations seported by him, only
the 4th metacarpal of the left hand was
from birth about two thirds as long as the
corsesponding one of the nght hand. The
anomaly in this family was reported as be-
ing transmitted as an irregular dc:mm:mt.

Steggerda (1942) presented an l.nlchSl-
ing case of brachymetapody i a family. The
metatarsals on both fect were the only parts
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Fig. 13. A 7-generation pedigree (Pedigree 4) of a family showing pes planus and
hallux valgus.

affected, the hands being normal. The trait
was transmitted as a simple dominant.
Brachymetapody seems to occur more of-
ten in the metacarpals than in the meta-
tarsals; therefore, a mew case of brachy-
metapody is presented in which the right
foot only is affected. The family whose son
shows brachymetapody is a neighbor of the
author. An mterview with the mother and
with the afflicted son produced the informa-
tion, The son showing brachymetapody is
the only member of a large 4-generation
family that is affected. Brachymetapody is
expressed by the shortening of the 4th and
the Sth digits of the right foot (Fig 11).
An examination of the roentgenogram (Fig.
12) reveals that metatarsals 4 and 5 are
shortened, but that metatarsal 4 is much
shorter than metatarsal 5, thus causing toes
4 and 5 to appear to be the same length.
The abnormality does not produce any ill
effects in the affected person. Since only
one individual shows the trait, nothing defi-
nite can be said regarding the cause. It may
represent a mutation, but if inherited the
anomaly probably is the result of a single

gene. The pedigree is included in this chap-
ter as a case of a possible mutation.

HALLUX VALGUS

According to Haines and McDougall
(1954), the great toe is displaced laterally
in halfux valgus and usually is pronated on
the head of the metatarsal; the plantar pad
and the sesamoids are displaced with the
digit, and the ligaments on the medial side
of the joint are stretched.

Fia. 14. Showing hallux valgus in
proposius (VI-14, Pedigree 4).
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Fic. 15. Roentgenogram showing hallux
valgus in propositus (VI-14, Pedigree 4).

Both Morgan and Riddle (1924) ad-
vanced the theory that hallux valgus might
be a hereditary trait. Sorsby quotes Mc-
Elvenny (1944) as concluding that hallux
valgus may be hereditary and probably
dominant.

Lake (1952) states that hallux valgus
is produced by the effect of excessive strain
thrown upon the anterior metatarsal region,
and that this region is inherently weak from
an evolutionary pomnt of view and, in cer-
tain cases, unable to withstand these strains.
While Lake does not indicate the probable
method of mhertance for the hallux valgus,
he mentions a casc in which the deviation

FIG. 16. Showing hallux valgus in
grandmother (1V-14) of propositus
(VI-14, Pedigree 4).

Fic. 17. Showing hallux valgus
in mother (V-11) of propositus
(VI-14, Pedigree 4).

Fic. 18. Photograph show-
ing hallux valgus 1n aunt
(V-12) of propositus (VI-14,
Pedigrec 4).

of the Ist metatarsal is an inborn char-
acteristic, and 1n such cases hallux valgus is
very prone to develop and then is truly
congenital in origin.
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The propositus of the family reported
here is a graduate student in the biology de-
panment of Nonh Texas State  College.
Several interviews with the young man pro-
Quced the pedigree, and through his co-
operation the photographs and the roent-
genogram of the affected individuals were
obtained.

Both hallux valgus and pes planus were
present separately in members of the family
of Pedigree 4 until the 2 anomalies became
combined in 1V-6. The anomalies continued
together in V-2, V-11, V-14, VI-14, VI-16,
VII-1 and VII-6. Since hallux valgus pro-
duces the greatest discomfort in the affected
members of the family shown in Pedigree 4,
this anomaly will be discussed. The malfor-
mation js present at birth and increases in
severity with age. The condition makes it
difficult to fit the individual with shoes and
hampers tocomotion. The photograph (Fig.
14) of the propositus (VI-14) reveals bi-
Iateral hallux valgus, and the roentgeno-
gram (Fig. 15} of the propositus shows
that the Ist metatarsal is deviated, and so
is the toe, but it bas not forced the 2nd toe
out of its proper alignment, nor is there any
overlap of the bony parts. The basal phalanx
is displaced laterally, and the lateral sesa-
moid also is displaced jateraily. Basal pha-
langes 2, 3 and 4 also show lateral deviation,
but the terminal phalanx of the 5th digit
deviates medially, thereby causing the digit
to bend downward and to form compensa-
tory enlargement of the 5th metatarsopha-
langeal joint.

Photographs of the grandmother (IV-14,
Fig. 16), the mother {V-11, Fig. 17) and an
aunt (V.12, Fig. 18) of the propositus
show extreme Iaterat deviation of the digitis
and well-developed bunions ot the meta-
tarsophalangeal joint.

Beginning with I-5, hallux valgus is pres-
ent in each succeeding generation, and af-
fected parents contribute the anomaly to
their children, with 2 exceptions, The 1st
exception is found jn IV-18 and 1V-19
showing no hallux valgus but having a

daughter with the anomaly. This onc ex-
ception may be esplained by incorrect in-
formation, for IV~-18 and IV-19 are de-
ceased, and information concerning the con-
dition of their feet depended upon recall by
an eldecly relative of the propositus. The
2nd cxeeption is VI-13, who shows neither
hattux valgus nor pes planus but has a son
showing the combination of both.

The pedigree of the family presented sug-
gests that hallux valgus is transmitted as an
autosamal dominant with incomplete pene-
trance, since it is not certain that IV-18
showed the anomaly, and it is known that
VI-13 does not show either anomaly.

SUMMARY

The directions for the construction of a
pedigree chart are given with 2 sample pedi-
gree chart illustrating the use of symbols.

Two pedigrees exhibiting zygodactyly of
the feet are presented. The 1lst pedigree
shows the webbing present between toes 2
and 3 and extending farther on the right
foot than on the left, and with the webbing
on the right foot showing variations in ex-
teat. Sons only of affected fathers show the
anomaly. The 2nd pedigree shows the web-
bing present between all toes of both feet
and extending almast to the tip of the toes
with no variation in expression. Affected
fathers teansmit the anomaly to their sons,
The method of inheritance is dve to a
dominant gene Jocated in the y-chromosome.
In the Ist case variation of webbing is ex-
pressed, but in the 2nd case no variation
is shown,

A S-generation pedigree of a family show-
ing slight clinodactyly and streblomicro-
d:fctyly is described, and it was found that,
with one exception, all affected individuals
transmitted the anomalies to their sons and
daughters. Consequently, these traits are
thought to be transmitted by a possible
dominant gene witk reduced penetrance,

Two rare anomalies are presented: (1)
of a 3-generation family, in which brachy-
dactylia is present in only 1 member (Johns-
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Fi6 15. Roentgenogram showing hallux
valgus in propositus (VI-14, Pedigree 4).

Both Morgan and Riddle (1924) ad-
vanced the theory that hallux valgus might
be a hereditary trait. Sorsby quotes Me-
Elvenny (1944) as concluding that hallux
valgus may be hereditary and probably
dominant,

Lake (1952) states that hallux valgus
is produced by the effect of excessive strain
thrown upon the anterior metatarsal region,
and that this region is inherently weak from
an evolutionary pomnt of view and, in cer-
tain cases, unable to withstand these strains.
While Lake does not indicate the probable
method of inheritance for the hallux valgus,
he mentions a case in which the deviation

FIG, 16. Showing hallux valgus in
grandmother (IV-14) of propositus
(VI-14, Pedigree 4).

Fia. 17. Showing hallux valgus
in mother (V-11) of propositus
(VI-14, Pedigree 4).

Fic, 18. Photograph show-
ing hallux valgus in aunt
(V-12) of propositus (VI-14,
Pedigree 4).

of the Ist metatarsal is an inborn char-
acteristic, and in such cases halfux valgus is
very prone to develop and then is truly
congenital in origin.
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The propositus of the family reported
here is a graduate student in the biology de-
partment of North Texas State College.
Several interviews with the young man pro-
duced the pedigrec, and through his co-
operation the photographs and the roent-
genogram of the afiected individuals were
obtained.

Both hallux valgus and pes planus were
present separately in members of the family
of Pedigree 4 until the 2 anomalies became
combined in IV-6. The anomalies continued
together in V-2, V-11, V-14, V1-14, V1-16,
VII-1 and VII-6. Since hallux valgus pro-
duces the greatest discomfort in the affected
members of the family shown in Pedigree 4,
this anomaly will be discussed. The malfor-
mation is present at birth and increases in
severity with age. The condition makes it
difficult to fit the individual with shoes and
hampers locomotion. The photograph (Fig.
14) of the propositus (VI-14) reveals bi-
lateral hallux valgus, and the roentgeno-
gram (Fig, 15) of the propositus shows
that the 1st metatarsal is deviated, and so
is the toe, but it has not forced the 2nd toe
out of its proper alignment, nor is there any
overlap of the bony parts. The basal phalanx
is displaced fateraify, and the lateral sesa-
moid also is displaced laterally. Basal pha-
langes 2, 3 and 4 also show lateral deviation,
but the terminal phalanx of the 5th digit
deviates medially, thereby causing the digit
to bend downward and to form compensa-

tory enlargement of the S5th metatarsopha-
fangeal joint.

Photographs of the grandmother (IV-14,
Fig. 16), the mother (V-11, Fig. 17) and an
aunt (V-12, Fig. 18) of the propositus
show extreme lateral deviation of the digitis
and well-develuped bunions at the meta-
tarsophalangeal joint.

Beginning with I-5, hallux valgus is pres-
ent in each succeeding generation, and af-
fected parents contribute the anomaly to
their children, with 2 exceptions, The 1st
exception is found in IV-18 and IV-19
showing no hallux valgus but having a

daughter with the anomaly. This onc ex-
ception may be explained by incorrect in-
formation, for IV-18 and 1V-19 are de-
ceased, and information concerning the con.
dition of their feet depended upon recall by
an elderly relative of the propositus. The
2nd exception is VI-13, who shows neither
hallux valgus nor pes planus but has a son
showing the combination of both.

The pedigree of the family presented sug-
gests that hallux valgus is transmitted as an
autosomal dominant with incomplete pene-
trance, since it is not certain that IV-18
showed the anomaly, and it is known that
VI-13 does not show either anomaly.

SUMMARY

The directions for the construction of a
pedigree chart are given with a sample pedi-
gree chart illustrating the use of symbols.

Two pedigrees exhibiting zygodactyly of

the feet are presented. The 1Ist pedigree
shows the webbing present between toes 2
and 3 and extending farther on the right
foot than on the left, and with the webbing
on the right foot showing variations in ex-
tent. Sons only of affected fathers show the
anomaly. The 20d pedigree shows the web-
bing present between all toes of both feet
and extending almost to the tip of the toes
with no variation in expression. Affected
fathers transmit the anomaly to their sons.
The method of inheritance is due to a
dominant gene located in the y~chromosome.
In the Ist case variation of webbing is ex-
pressed, but in the 2nd case no variation
is shown.
. A 5-generation pedigree of a family show-
img slight clinodactyly and streblomicro-
dgctyly is described, and it was found that,
with one exception, all affected individuals
fransmitted the anomalies to their sons and
daughters. Consequently, these traits are
thought to be transmitted by a possible
dominant gene with reduced penetrance.

Two rare anomalies are presented: (1)
of a 3-generation family, in which brachy~
dactylia is present in only 1 member (Johns-
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ton and Davis); and (2) a case of brachy-
metapody in a family of 4 generations, in
which only 1 member is affected. The 2nd
case is similar to that reported by Steg-
gerda, in that only the metatarsals are
affected. This case is of particular interest,
for short metatarsals occur less frequently
than do short metacarpals. In both pedigrees
the anomaly of each is interpreted as a pos-
sible mutation,

In the 7-generation pedigree of a family
showing hallux valgus, the anomaly appears
to be transmitted as an autosomal dominant
with incomplete penetrance.

The cases presented of zygodactyly of the
toes, clinodactyly and streblomicrodactyly
of the fingers, brachydactylia of the fingers,
brachymetapody and hallux valgus illustrate
some of the many and varied abnormalities
of the hands and the feet. The pedigrees of
the families studied furnish additional evi-
dence of the inheritance of hand and foot
anomalies.
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Studios Additional Super le Hereditate de Anomalias de Mano e Pede

Summario in

Ex le longe e variate lista de anormalitates
de mano e pede, casos representative es
describite de zygodactylia del digitos del
pede, clinodactylia e streblomicrodactylia
del digitos del mano, brachydactylia del
digitos del mano, brachymetapodia, e halluce
valge. Tnter le duo arbores genealogic con
zygodactylia del pede, fe un monstra pal-
mation inter le secunde 2 tertie digito del
pedes. Le palmation es plus extense al pede
dextere que al pede sinistre; al pede dextere
tllo es characterisate per variationes del ex-

Interlingua

tension. Le secunde arbore genealogic
monstra plamation inter omne Ie digitos de
ambe pedes. Le palmation se extende quasi
usque al puncta del digitos e non varia in
su ext.ension. In ambe casos, patres zygo-
dactylic transmitte fe condition a lor filios.
Ergo le mechanismo de hereditage involve
un gen dominante in le chromosoma y-

_ Es describite un arbore genealogic de
cinque generationes con leve grados de
clinodactylia e streblomicrodactylia. Con un
exception, omne le individuos afficite trans-
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mitteva le anomalia a Jor filios e filias, Ergo
il pare que iste tractos es transmittite per
un possibile gen dominante con reducite
penetrantia.

Es presentate duo rar anomalias, Le prime
es un familia de tres generationes con
brachydactylia in solmente un membro
(Johnston e Davis), Le secunde es un
familia de quatro gencrationes in que un
sol membro exhibi brachymetapodia, e sol-
mente le ossos metatarsal es afficite. Le
secunde de iste casos es de interesse special,

proque curte metatarsales occurre minus
freq que curte pales. In
ambe iste arbores genealogic e anomalia
es interpretate como un possibile mutation.

In le arbore genealogic de septe genera-
tiones con halluce valge, il pare que le
anomalia es transmittite como dominante
autosomal con penetration incomplete.

Le anomalias del arbores genealogic hic
studiate adde nove datos a nostre cognos-
centias del hereditage de anomalias de mano
e pede.
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of the same age, thereby rendering them-
selves vulnerable to harmful stresses that
produce joint hemorrhages.

The patient’s personality and emotional
status play a significant role in the incidence
of joint hemorrhages. Those who are placid
and dull suffer fewer hemorrhages than those
who are active, apprehensive and emotion-
ally unstable.

The joints implicated most often in the
order of frequency are knee, elbow, ankle
and hip. This study reveals that specific
factors play a part in the selectivity. In addi-
tion to the severity of the blood defect, these
factors comprise (1) vulnerability of the
joint, (2) anatomic peculiarities and (3) oc-
cupation and other activity demanded of
the joint incident to function. The joints es-
pecially vulnerable to injury are the knees,
the elbow and the ankle. This is borne out
clinically by the high incidence of hemar-
throses encountered in these joints. Some
joints possess anatomic paculiarities that
predispose them to intra-articular bleeding.
This is particularly true of joints whose
stability depends upon soft tissue structures
such as ligaments and tendons rather than
on their bony configuration. The knee joint
exemplifies this last observation. Its ana-
tomic construction makes it totally depend-
ent upon the integrity of the surrounding
ligaments, capsule and tendons for its sta-
bility. It is interesting to note that once the
forementioned factors initiate hemarthrosis
in a particular joint, that joint usually suf-
fers repeated hemorrhages. It appears that

one hemarthrosts predisposes the affected
joint to another. This is true regardless of
the severity of the blood defect. It is not
uncommon to observe one knee or one
shoulder jomnt severely impaired because of

repc:x!cd hemarthroses, while t  © posite
knee or shoulder exhibits no and
has been the site of very fc(‘ or-
rhages.
FACTORS RESPONS{
DEFO ES OF J
§ consta

In lite

ment that in spite of repeated and severe
hemorrhages in joints, little functional dis-
ability occurs. This is an erroneous obser-
vation, Critical evaluation of such joints in
all instances reveals varying degrees of Joss
of the normal arcs of joint motion and vary-
ing grades of deformities. However, it is
true that in most instances the loss in motion
is a gradual process, and the patient makes
the necessary adjustments to the reduced
arcs of motion so that he is not handicapped
seriously. In some instances the dysfunction
of the affected joint is so great that it is
impossible to make the necessary adjust-
ment; hence, severe disability ensues.

The factors responsible for flexion de-
formities following acute massive hemor-
rthages are (1) pain and (2) muscle spasm.
The pain results from acute distention of
the capsular and the pericapsular tissues
and from the irritating effect of the blood
elements on the subsynovial tissues. During
this acute phase the joints are distended
markedly and lose their normal configura-
tion; they exhibit increased Jocal tempera-
ture and are painful on palpation. The joints
soon exhibit on palpation a characteristic
fim rubbery consistency resulting from
thickening of the synovial, the capsular and
the pericapsular tissues and infiltration of
these tissues with blood. These features are
readily discernible in the more superficial
joints, as the knee, the elbow and the ankle.
Occasionally in the shoulder the hemor-
rhage may be so extensive as to dislocate
the head of the humerus,

With cessation of bleeding, the intra-
articular blood is absorbed completely, How-
ever, repeated insults of this nature produce
permanent alteration in the soft tissue ele-
ments of the ‘oint and in those about the

joint; als itant changes occur in
the cartil d the osseous clements,
which, to the soft tissue abnor-
malities, d deformities. The es-
sential ¢ soft tissue comprise
depositio ood ¢l in the
synovial - ynovial nd in-
filtration and ular
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tissues by blood. This process is. fol}owcd by
a cellular response resulting in mcrcas.cd
vascularity, hyperplasia of the synovial
membrane and thickening of the capsular
and the pericapsular tissues. The process is
not unfike a reparative process producing
marked and diffuse fibrous tissue prolifera-
tion, which on maturity leads to the forma-
tion of dense scar tissue. Then the soft
tissue elements Jose their elasticity and be-
come scarred and contracted,

Although massive hemorrhages into joints
are responsible for many of the unfavorable
sequelac noted above, even more important
are repeated small hemorrhages that cause
only minimal distention of the soft tissues
and produce symptoms that are tolerated by
the patient without his seeking medical aid.
The pain is not of sufficient severity to limit
the usual activities of the patient; and al-
though some restriction of motion occurs,
and although the joint is held in slight flexion
and guarded by the patient, the dysfunction
is tolerated well. These small hemorrhages
are more frequent by far than massive hem-
orrhages, and they are a constant source of
irritation to the synovial membrane and the
articular cartilage. It is reasonable to con-
clude that they play a more important role
in the formation of permanent changes than
single massive hemorrhages occurring at long
intervals. Also, they differ in their clinical
manifestations from massive intra-articular
bleeding in other ways; they produce no
local increase in temperature and no consti-
tutional reaction such as an elevation in the
body temperature or a leukocytosis. These
features are encountered not infrequently
in massive hemarthroses.

Joint deformities may be secondary to
massive hemorrhages in muscles and in
fascial planes. Although not common, the
authors have observed several severe hip-
flexion deformities following massive and
repeated hemarrhages into the psoas muscle.
One patient developed a severe claw-hand
deformity following hemorrhage in the palm
of the hand; another exhibited a fixed ad-
duction deformity of the thumb following

i

|
i

Y
4

Fic. 1. Note the fixed adduction de-
formity of the thumb following hemor-
rhage into the hyperthenar eminence and
the palm of the hand. Also note the fixed
flexion deformity of the 3rd finger.

hemorrhage into the hyperthenar eminence

Fig. 1); and still another developed cavus
deformity of both feet following hemor-
rhages into the fascial planes of the plantar
aspects of both feet. In the literature a case
of Volkmann’s contracture was reported by
Thomas following 3 massive hemorrhage
that included the entire arm.

In rare instances deformities may be the
result of massive joint or soft tissue hemor-
rhages that result in necrosis of the affected
tissues. Also, the great tension in the part
produced by the bleeding may result in ob-
Iiteration of the main arterial trunks of the
limb distal to the site of bleeding producing
varying degrees of gangrene of the distal
part. Thomas reports a case of gangrene
of the foot following an extensive hemar-
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of the same age, thereby rendering them-
selves vulnerable to harmful stresses that
produce joint hemorrhages.

The patient’s personality and emotional
status play a significant role in the incidence
of joint hemorrhages. Those who are placid
and dull suffer fewer hemorrhages than those
who are active, apprehensive and emotion-
ally unstable.

The joints implicated most often in the

order of frequency are knee, elbow, ankle
and hip. This study reveals that specific
factors play a part in the selectivity. In addi-
tion to the severity of the blood defect, these
factors comprise (1) vulnerability of the
joint, (2) anatomic peculiarities and (3) oc-
cupation and other activity demanded of
the joint incident to function. The joints es-
pecially vulnerable to injury are the knees,
the elbow and the ankle. This is borne out
clinically by the high incidence of hemar-
throses encountered in these joints. Some
joints possess anatomic peculiarities that
predispose them to intra-articular bleeding.
This is particularly true of joints whose
stability depends upon soft tissue structures
such as ligaments and tendons rather than
on their bony configuration. The knee joint
exemplifies this last observation, Its ana-
tomic construction makes it totally depend-
ent upon the integrity of the surrounding
ligaments, capsule and tendons for its sta-
bility. It is interesting to note that once the
forementioned factors initiate hemarthrosis
in a particular joint, that joint usually suf-
fers repeated hemorrhages. It appears that
onc hemarthrosis predisposes the affected
joint to another. This is true regardless of
the severity of the blood defect. It is not
uncommon to observe one knee or one
shoulder joint severely impaired because of
repeated hemarthroses, while the opposite
knee or shoulder exhibits no alterations and
has been the site of very few or no hemor-
rhages.

FACTORS RESPONSIBLE FOR
DEFORMITIES OF JOINTS

In literature one finds constantly the state-

ment that in spite of repeated and severe
hemorrhages in joints, little functional dis-
ability occurs. This is an erroneous obser-
vation. Critical evaluation of such joints in
all instances reveals varying degrees of loss
of the normal arcs of joint motion and vary-
ing grades of deformities. However, it is
true that in most instances the loss in motion
is a gradual process, and the patient makes
the necessary adjustments to the reduced
arcs of motion so that he is not handicapped
seriously. In some instances the dysfunction
of the affected joint is so great that it is
impossible to make the necessary adjust-
ment; hence, severe disability ensues.

The factors responsible for flexion de-
formities following acute massive hemor-
rhages are (1) pain and (2) muscle spasm.
The pain results from acute distention of
the capsular and the pericapsular tissues
and from the irritating effect of the blood
elements on the subsynovial tissues. During
this acute phase the joints are distended
markedly and lose their normal configura-
tion; they exhibit increased local tempera-
ture and are painful on palpation. The jqin}s
soon exhibit on palpation a characteristic
firm rubbery copsistency resulting from
thickening of the synovial, the capsular and
the pericapsular tissues and infiltration of
these tissues with blood. These features are
readily discernible in the more superficiat
joints, as the knee, the elbow and the ankle.
Occasionally in the shoulder the hemor-
rhage may be so extensive as to dislocate
the head of the humerus.

With cessation of bleeding, the intra-
articular blood is absorbed completely. How-
ever, repeated jnsults of this nature produce
permanent alteration in the soft tissue ele-
ments of the joint and in those about ﬂ'u:
joint; also, concomitant changes occur in
the cartilaginous and the osseous elements,
which, together with the soft tissue abnor-
malities, produce fixed deformities. The es-
sential changes in the soft tissue cofnpnic
deposition of the blood clements in {hc
synovial and the subsynovial tissues and in-
filtration of the capsular and the pericapsular
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tissues by blood. This process is fol}owcd by
a cellular response resulting in mcrcas'cd
vascularity, hyperplasia of the synovial
membrane and thickening of the capsula.r
and the pericapsular tissues, The process is
not unlike a reparative process producing
marked and diffuse fibrous tissue prolifera-
tion, which on maturity leads to the forma-
tion of dense scar tissue. Then the soft
tissue elements lose their elasticity and be-
come scarred and contracted.

Although massive hemorrhages into joints
are responsible for many of the unfavorable
sequelae noted above, even more important
are repeated small hemorrhages that cause
only minimal distention of the soft tissues
and produce symptoms that are tolerated by
the patient without his seeking medical aid.
The pain is not of sufficient severity to limit
the usual activities of the patient; and al-
though some restriction of motion occurs,
and although the joint is held in slight flexion
and guarded by the patient, the dysfunction
is tolerated well. These small hemorrhages
are more frequent by far than massive hem-
orrhages, and they are a constant source of
irritation to the synovial membrane and the
articular cartilage. It is reasonable to con-
clude that they play a more important role
in the formation of permanent changes than
single massive hemorrhages occurring at long
intervals. Also, they differ in their clinical
manifestations from massive intra-articular
bleeding in other ways; they produce no
local increase in temperature and no consti-
tutional reaction such as an elevation in the
body temperature or a leukocytosis. These
features are encountered not infrequently
in massive hemarthroses.

Joint deformities may be secondary to
massive hemorrhages in muscles and in
fascial planes. Although not common, the
authors have observed several severe hip-
flexion deformities following massive and
repeated hemorrhages into the psoas muscle.
One patient developed a severe claw-hand
deformity following hemorrhage in the palm
of the hand; another exhibited a fixed ad-
duction deformity of the thumb following

Fic. 1. Note the fixed adduction de-
formity of the thumb following hemor-
rhage into the hyperthenar eminence and
the palm of the hand. Also note the fixed
flexion deformity of the 3rd finger.

hemorrhage into the hyperthenar eminence
(Fig. 1); and still another developed cavus
deformity of both feet following hemor-
rhages into the fascial planes of the plantar
aspects of both feet. In the literature a case
of Volkmann’s contracture was reported by
Thomas following a massive hemorrhage
that included the entire arm.

In rare instances deformities may be the
result of massive joint or soft tissue hemor-
rhages that result in necrosis of the affected
tissues. Also, the great tension in the part
produced by the bleeding may result in ob-
literation of the main arterial trunks of the
limb distal to the site of bleeding producing
varying degrees of gangrene of the distal
part. Thomas reports a case of gangrene
of the foot following an extensive hemor.
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F16. 2. Observe the massive necrosis of
tissues of the antentor aspect of the knee
joint following an extensive hemorrhage
mto the joint In spite of repeated aspira-
tions and compression, the severe tension
m the joint was not reduced sufficiently to
prevent tissue necrosis (Tocantins, L. M.:
Progress in Hematology, vol 1, New
York, Grune & Stratton)

rhage into the entire leg. The authors have
observed an extensive hemorrhage into the
knee joint that ruptured through the joint
capsule and implicated the entire quadriceps
apparatus; this was followed by massive
necrosis of the tissues. In a heroic attempt
to save the limb, a thorough débridement of
the area was performed, and the defect was
covered with split thickness skin grafts taken
from the patient. The patient made an un-
eventful recovery. (Figs. 2 & 3.)

Muscle imbalance is another factor that
may be responsible for development of fixed
flexion deformities. This is especially true
of the knee. We are all cognizant of the
problems posed by the quadriceps muscle
when the knee is injured. The resulting
atrophy often is a major deterrent to rapid
restoration of normal function. In the hemo-
philiac, repeated hemarthroses of the knee
joint are associated invariably with pro-
nounced atrophy and loss of power in the
quadriceps muscle; hence, this muscle is
unable to cope with the strong, and often
shortened, hamstring muscles. In face of such
a situation it becomes obvious that a flexion
deformuty of the joint is inevitable.

The first alterations in the articular carti-
lage comprise thinning and erosion of the
superficial layers. Later, these areas are in-
vaded by granulation tissue from the mar-
row spaces of the cancellous bone. At the

Fic. 3. This is the
same joint as that de-
picted in Figure 2.
Note that following
exciston of the ne-
crotic soft tissue, 2
split-thickness  graft
was applied covering
the entire denuded
area. (Tocantins, L.
M.: Progress in He-
matology, vol. 1,
: New Yorh, Grune &
Lt Stratton)
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Fi6. 4, Note the punched-out areas in the cancel-
lous bone and in the subchondral areas of both the
tibia and the femur, These cystlike arcas may attain

giant proportions.

peripheries the cartilage also is invadf:d and
overlapped by 2 panus of hyperplastic vas-
cular synovial and subsynovial tissues. Sub-
chondral cysts and cysts form at a distance
from the surface; atrophy of the subchondral
bone is severe and leads to fracture com-
pression and flattening of the a}fticulnr sur-
faces. In some cases excrescencics compris-
ing mewly formed cartilage and immatuce
bone are produced at the margins of the
joints. Furthermore, repeated hemarthroses
may cause an irregular increase in the width
of the epiphysis, producing characteristic
knobbiness of the joints. All the above-
mentioned alterations result in marked in-
congruity of the articular surfaces, restric-
tion of motion and, eventually, fixed de-
formities. These observations have been re~
corded by Key and confirmed by us in
joints that were explored surgically and in
joints that were obtained post mortem. Also,
these changes have been reproduced in ani-
mal experiments. The experimental study
will be presented in a subsequent report.

ROENTGENOLOGIC FEATURES

The roentgenologic features of this dis-
order have been recorded by many observ-
ers. Notably among these are Neumann,
Montonari, Engels, Doub and Davidson,
Key, Klason, Rypins and Johnson et gl
Although the findings are not pathopueu-
monic of the disease, there are certain fea-
tures which, when noted in the male sex,
should permit a presumptive diagnosis of
hemophilic involvement, The roentgenologic
findings do not parallel the clinical findings,
nor do they indicate the degree of dysfunc-
tion except in the cases exhibiting far-
advanced degenerative changes. This is true
because alterations in the soft tissue ele-
ments of the joint may be playing the major
role in producing the deformity and the dis-

ability. 1t is not uncommon 10 encounter
joints with fixed deformities that exhibit
minimal or no osseous or cartilaginous ab-
normalities in the Toentgenograms,

Except in rare instances the changes ob-
served in joints are governed by the number
of previous massive hemorrhages and sub.
clinical smalt hemorrhages; this is trye re-
gardless of the age of the patient. Of course,
the older the patient becomes, the more
readily will advanced changes be discernible
roentgenologically, provided that he has had
Iepeated and frequent joint hemorrhages,
The most significant findings are defocts
often described as Cysts in the subchondraf
and in the cancelfos portions of the af-
fected bone and increased density in the
synovial and the capsular tissues, Some of
Eh.e defects appear to be continuous with the
joint cavity, while others are g¢ 5 distance
from the articular surface, (Fig. 4.) How-



et

Fic. 5. The joint capsule of both hip joints has undergone complete
calcification and ossification.

Fi6. 6. Note that the bone cnds comprising the joint are broader
than norma! and that the joint space exhibits varying degrees of nar-
rowing. Also note the giant-sized cysts in the medial condyle of the
tibia.
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ever, not all hemophitic joints disclose these
characteristic punched-out depressions in
the articular surface and the cystlike areas
in the subchondral and the cancellous bone.
They vary in size and may approach giant
proportions. The shadows in the soft tis-
sues vary in density; in some instances they
approach the density of calcification of the tis-
sues. They depict sharply the outline of the
affected joint. In one case the joint capsule
of both hips revealed marked calcification
and stood out in sharp contrast with the
surrounding tissues, (Fig. 5.) In most in-
stances the increase in density of the synovial
and the capsular tissues is the result of the
diffuse hyperplastic proliferative process that
exists in the tissues. In superficial joints such
as the knees, the wrists and the elbows, this
process is readily demonstrable on physical
examination of the part. In addition to the

proliferative changes, the increase in density
is the result of disposition of iron pigment
in the synovial and the subsynovial tissues.
This is particularly true in joints which have
been the site of repeated hemorrhages. In
acute hemorrhage in joints which arc im-
plicated for the first time or have been the
site of infrequent hemorrhages, the joint
cavity is distended markedly and is demon-
strated readily in the roentgenograms; it casts
a uniform haziness demarcated clearly from
the surrounding tissues. The shadow is pro-
duced by the blood in the joint cavity and
in the synovial and the subsynovial tissues.
Occasionally massive hemorrhages may pro-
duce a subluxation or even dislocation of
the joint. This phenomenon was observed
by the authors only in the shoulder joint.

In most i following repeated hem-
orrhages, permanent alterations which in a

Fic. 7. Observe the angular deformity of the knee
collapse of a giant cyst.

joint resulting from
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measure simulate osteoarthritis occur in the
cartilaginous and the osseous elements of
the joint. The bony ends comprising the
joint become broader than normal, and the
joint space exhibits varying degrees of nar-
rowing, or it may be obliterated. (Fig. 6.)
Only rarely is bony ankylosis encountered.
Bony ankylosis was noted in only 2 cases,
and the subtalar joint was implicated in both.
The articular surfaces are irregular and may
exhibit numerous punched-out defects not
unlike those encountered in gout. As re-
marked previously, cystlike areas varying
in size also are noted in the subchondral
and in the cancellous bone. Collapse of the
intervening bony trabeculae may produce
angular deformities of the joint; this feature
is noted not infrequently in the knee joint.
(Fig. 7.) In advanced cases sharply deline-
ated marginal spurs and osteophytes are

found in close proximity to the articular
surface. Spurring of the tips of the olecranon,
the coronoid process of the ulna, the poles
of the patella and the tibial spines is a com-
mon finding. A feature peculiar to the knee
joint is a broadening and a deepening of the
intercondylar notch. During the active stage
of the arthritis, particularly in young pa-
tients, varying degrees of atrophy of the
bone ends are discernible. Usually this is
assoctated with coarsening of the bony tra-
beculae, which in some instances stand out
in bold relief. In older patients in whom
the disorder is stabilized or quiescent, the
bony atrophy disappears and the trabeculae
are less coarse; then the bony architecture
tends to approach normalcy.

Frequently in the advanced stages of ar-
thritis, in addition to the alterations re-
corded above, the joints reveal pronounced

FIG. 8 Observe the pronounced subchondral sclerosis that i§ found 1n
the subchondral arca of both the femur and the tibia.
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subchondral sclerosis. (Fig. 8.) Invariably
this is associated with marked marginal
spurring, irregular craterlike defsct§ in t.hc
articular surface and cysts of varying size
in the subchondral and the cancellous re-
gions of the bones. Occasionally ‘irrcgu!qr
arcas of increased density, spotty in distri-
bution and following no particular pattern,
are found in the shafts of the long bones
at a distance from the joint. These may be
calcified intra-osseous hemorrhages. It is
interesting to note that cystic abnormalitigs
may be the outstanding roentgenographic
features in some cases and insignificant or
absent in others. However, if the changes are
noted in one joint, invariably they will be
present in other joints. In some instances
subchondral sclerosis is the pertinent bone
change; this usually is encountered in joints
affected severely by the arthropathy,
Irregular subperiosteal ossification follow-
ing subperiosteal hemorrhages are encoun-
tered occasionally, In this study the fibula
disclosed this abnormality most frequently.
The effect of repeated hemarthroses on
growing epiphyses raises some inquiries of
special clincal significance. What altera-
tions occur in an epiphysis and daphysis
following repeated joint hemorrhages over
perieds of many years? Caffey and Schle-
singer are of the opmion that acceleration of
development and overgrowth occur, In this
study several alterations were noted. In some
instances rapid merease in size of the osteo-
genic growth center is readily discernible.
This is noted frequently in the epiphyses
comprising the elbow joint, particularly the
head of the radius. (Fig. 9.) In most in-
stances irregular overgrowth of the epiphyses
in all their dimensions is a common finding.
This is responsible for the characteristic
knobbiness these joints exhibit, and it is
most readily discernible in the knee joints.
On the other hand, premature closure may
occur of a portion of the epiphyseal plate or
all of it, resulting in a shortening of the
bone or angular deformuties. No case in this
series revealed discrepancy in bone lengths

FiG. 9. Observe the increase in size of
the epiphysis of the head of the radius on
the left as compared with that of the right
joiat.

that could be attributed to overstimulation
at the epiphyseal plate. The presence of sub-
chondral defects and flattening of the pres-
sure epiphyses such as the capital epiphysis
of the femur and the talus produces roent-
genographic features that resemble closely
those of the osteochondroses,

PATHOLOGY

The gross and the microscopic appear-
ances of the tissues in hemophilic arthrop-
athy have not been recorded frequently in
the literature. Key described the synovial
tissues obtained from a knee joint that was
operated upon because of an erroneous diag-
nosis. Freund and Reinecke and Wohlwill
described the microscopic changes in carti-
Iage and bone, and Kénig recorded the gross
alterations in the hemophilic joints. We have
been fortunate in obtaining several joints
{2 knee joints and 2 humerat heads with
the musculotendinous cuff attached) from
a hemophiliac 27 years of age who came to
autopsy. In addition, as will be discussed



172 Hemophilic Arthropathy

FIG. 10, This is the right humeral head
of a hemophiliac, 27 years of age. Note
that the articular surface is entirely de-
nuded of cartilage; the subchondral bone
is exposed and pitted, and shows exten-
sive spur formation. Also, observe the
advanced changes that have occurred on
the inner aspect of the musculotendinous
cuff. The cuff is laminated and in some
areas is covered by willus formations
arising in the synovial membrane.

more fully subsequently, specimens of joint
tissues were obtained from a hemophiliac
on whom an arthrodesis of the knee joint
was performed. This material forms the
basis of this report.

MACROSCOPIC FINDINGS
HuUMERAL SIDE OF THE
RiGuT SHOULDER JoINT (F1G. 10)

The size of the articular surface of the
head of the humerus is reduced by one third
of its normal size. The entire surface is
stained a chocolate color, and its periphery
is irregular in outline and has receded from
the soft tissues, Along the medial and the
inferior aspects of the humeral head, the
periphery presents a sharp, serrated, bony
osteophyte which is free of soft tissue at-
tachment and is continuous with the sub-
chondral bone. No vestige of hyaline carti-
lage remains. The subchondral bone is

eburnated and peppered with numerous
craterlike defects that vary in size and in
shape. Some areas in the upper one half
of the articular surface reveal complete loss
of subchondral bone; here the cancellous
bone is exposed, and it exhibits also ir-
regular punched-out defects that communi-
cated with the joint cavity. Many of the
defects in the cancellous bone exhibit a
smooth, firm, compact inner surface, Jead-
ing one to conclude that the contents of the
cyst were under great pressure, thereby
producing collapse and condensation of the
cancellous trabeculae forming its walls. Sev-
eral of the defects in the cancellous bone
appear to undermine the overlying sub-
chondral bone. It was interesting to note
that this specimen failed to show macro-
scopically any fibrous tissue prohferation
growing from the defects in the subchon-
dral and the cancellous bone. This is in
marked contrast with the alterations noted
in the knee joints of this same individual,
which exhibited pronounced fibrous tissue
prolferation in some areas of the articular
surfaces of the femoral condyles and the
patella, The reduced size of the humeral
head appears to be the result of gradual dis-
integration and erosion of its cartilaginous
and osseous €l more  pr d
along its superior and posterior borders.
The soft tissue elements vary in color
from reddish-brown to chocolate. The stained
synovial membrane is thin and exhibits fray-
ing and some synovial tabs. Minimal villus
formation is noted in the anterior aspect of
the joint. The villi are long and slender with
fine pedicles. The glenot al i
are thicker and broader than those in the
left shoulder, the subscapularis recesses are
obliterated because the ligaments are ad-
herent to the capsule, and the openings of
the recesses are reduced in size by prolifera-
tion of the fibrous tissue in the subsynovial
Iayer. In the superior aspect of the joim,.in
the region of the supraspinatus and the in-
fraspinatus tendons, the synovial membrane
is absent. Here the thickened, frayed and
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discolored tendan fibers protrude through
the defect in the synovial membrane. The
entire musculotendinous cufl shows advanced
degenerative changes comprising shredding,
Jamination and fibrous tissue profiferation.
It is interesting fo note that the cuff has
receded from 1 to 1% cm. from the periph-
ery of the axticular surface of the humeral
head. The intra-articular portion of the bi-
ceps tendon is absent in this specimen. From
the fact of the marked changes noted, it is
reasonable to assume that the tendon de-
generated completely and was absorbed.

HUMERAL SIDE OF THE
LEeFT Stuourper Joint (Fia. 11)

In contrast with the profound alteration
observed in the right shoulder, gross exami-
nation of the left shoulder fails to show any
abnormalities. The head of the humerus is
of normal shape and size, and its articular
surface is covered by normal hyaline carti-
tage. The synovial membrane is smooth, thin,
glistening and not stained by blood pigments.
The glenchumeral ligaments are well de-
lineated and covered by normal synovial
membrane. No tabs, shredding or villus for-
mation of the synovialis is demonstrable.
The musculotendmous cuff is in close prox-
imity to the periphery of the acticular sur-
face of the humeral head and exhibits no
gross degenerative changes. The biceps ten-
don is of normal appearance and occupies
its anatomic position in the {ntertubercufar
groove.

It is difficult to conceive that in a hemo-
philiac one shoulder joint could exhibit such
profound changes and the other shoulder
joint show no alterations. This abservation
emphasizes the role that trauma incident to
function must play in initiating hemorrhage
i.n the joints of hemophiliacs, ¥n hemophiliacs
it is not uncommon to observe changes of

FiG. 11. This is the left humeral head
of the same person depicted in Figure 10.
Note that the humeral head and the inner
aspect of the musculotendinous cuff ap-
pear to be grossly normal.

varying shades of chocolate color; the cru-
ciate ligaments and the infrapatellar fat
pads are stained deeper shades than the sur-
rounding tissues. Section of the anterior
homs of both menisci and of the quadriceps
tendon reveals that the entire thickness of
these structures is permeated by blood pig-
ments. The articular cartilage of the femoral
condyles, the tibial plateaus and the patelia
reveals the same degree of involvement. The
cartilage is edematous, wavy and shredded.
Numerous fine villi cover the surface;
these are more numerous ont the surface of
the femoral condyles and the tibial plateaus
than on the surface of the patella. The car-
tilage is pitted severely and also exhibits
clefts and tissues of varying size and depth
from which villi project, It is interesting to
note that no areas of erosion to the level

greater severity in the joints of the de
extremity.
RicHT KNEE JOINT (Fi6. 12)

The entire synovial lining and the asticular
surfaces of all the bony joiat elements are

of the subchondral bone are noted; also,
no ateas of eburnation are discernible such
as are noted in the right shoulder of this
person.

The peripheries of the femoral condyles
disclose large well-developed bony osteo-
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phytes covered with cartilage. Similar
changes arc noted around the margin of the
patella, However, in the patella the excres-
cencies exhibit a more irregular pattern.
Soft tissue alterations in this joint are
pronounced. The synovial membrane and the
subsynovial tissue are thickened markedly
Numerous fine willi, varying in length, cover
the entire synowial lining and practically
obliterate the suprapatellar pouch. The
menisci and the cruciate ligaments are
stained with blood pigments, and the inter-

Fi6. 12. A knee joint of 2 hemophiliac,
27 years of age. Note the extensive altera-
tions that have occurred in the femoral
condyles and in the articular surfaces of
the ubial condyles. Many areas of the
articular surfaces are denuded completely
of cartilage, Fibrous tissue proliferation is
pronounced, and numerous fine villi cover
the surfaces of both bones, The cartilage
is pitted and exhibits many clefts and
fissures of varying size. The synovial lining
is fibrotic and covered by lumps of villus
formations. The peripheries of the femora
condyles discl large well-developed
bony osteophytes. These alterations also
are noted at the margins of the patella.
In this instance the suprapatellar pouch
was obliterated completely by numerous
fine villt varying in length and covering
the entire synovial Irng. The suprapate}-
lar and the infrapatellar fat pads, the
menisci and the cruciate ligaments also
are cavered by numerous villi and show
evidence of marked fibrous tissue prolif-
eration.

condylar notch is obliterated by thickened
hyperplastic synovial tissue. The superior
and the infrapatellar fat pads are thickened,
matted and covered with numerous villi
of varying sizes and shapes.

Although this joint presents many features
which are similar to those encountered in
osteoarthritis, there are other features which
are peculiar to hemophilic arthropathy. The
changes in the synovialis, the capsule and the
pericapsular tissues of a hemophilic joint
occur early, whereas in osteoarthritis they
oceur later in the disorder. Morcover, the
intensity of the responsc of these tissues
in hemophilic joints surpasses by far thosc
observed in osteoarthritis. In the latter, the
hyperplastic abnormalities are confined to
the synovialis, the intracapsular ligaments
and the capsule; in the former, these changes
also implicate the pericapsular tissues such
as fasciae, ligaments, muscles and tendons
Another point of difference between the two
arthropathics is the uniform and the wide-
spread involvement of the articular cartilage
in hemophilic joints. It appears that the en-
tire articular surface is exposed 1o the same
noxious agent, and the subsequent degen-
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Fic. 13. Observe that in some areas
the entire thickness of the cartitage has
dusintegrated completely and that the sur-
face is in close proxmmity to the sub-
chondsal bone and the marrow spaces.

erative process progresses uniformiy in all
regions of the articutar cartitage. This is not
true mn osteoarthritis, in which the changes
in the articular cartilage are more or less
spotty m nature; first one area js implicated
m the process, then another. Only in the
very advanced stages of the disease does
one abserve widespread involvement of the
articular surfaces, and even in this phase
some areas are affected less than others,

Lerr KNEE JOINT

Essentially the alterations noted in this
joint are sunilar to those observed in the
rght knee. The anterior compartments of
the femorotibial joint were occluded partially
by overgrowth of fibrous tissue in the in-
frapatellar region and in the intercondylar
noich 1t was interesting to note that the
outer tibial plateau had colapsed and that
an angular deformity of the joint had oc-
curred 50 that the outer tibial femoral con-
dyle was on a lower plane than the inner
condyle. Collapse of the outer tibial condyle

Fig, 14, Note that Weichselbaum’s
facunae are distmetly discernible. There is
considerable fragmentation of the carti-
lage overlying the lacunae. In some areas
the lacunae communicate directly with the
joint cavity, giving the articular surface a
serrated and pitted appearance.

is depicted more clearly in a corenal section
through the joint. The sections of the speci-
men bring into view the large defect imme-
diately below the articular surface of the
ubial plateau which permitted the collapse.
In addition, the posterior compartment is
visuahized; it is obliterated by dense fibrous
tissue. Defects, varying in size, are observed
in the cancelious portion of both femoral
condyles; undoubtedly these are portrayed
roentgenographically as cysts,

MICROSCOPIC FEATURES
ARTICULAR CARTILAGE

The outstanding features are the exten-
sive degenerative changes which have oc-
curred in the hyaline cartilage. This struc-
ture exhibits marked fibriltation of its cale
lagen fibers, frag fon and thi In
some areas the eatire thickness of thcocar-




176 Hemophilic Arthropathy

Fia. 15. Note in this specimen that the
entire thickness of the cartilage is replaced
by vascular proliferating granulation tis-
su¢ that extends from narrow spaces.

tilage exhibits complete disintegration. (Fig.
13.) In other areas the presence of Weich-
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FiG. 16. In this specimen many marrow
spaces adjacent to the subchondral bone
contain an abundance of vascular pro-
liferating connective tissue that seems to
cause resorption of the surrounding bone
trabeculae.

3
O

for varying distances and dips into the de-
generated cartilage, converting it into an
area of connective tissue throughout

1b ’s 1 and the fr: tation

s
of the cartilage overlying the Jacunae are
clearly discernible. Now the lacunae com-
municate with the joint cavity and give the
articular surface a serrated or pitted appear-
ance. (Fig. 14.) Similar changes are noted
in the deep layers of the cartilage. Here
large cell nests or lacunae communicate
eventually with the marrow spaces of the
cancellous bone. In other areas the cellular
clements have disappeared almost com-
pletely, while the alterations jn the hyaline
matrix result in separation of the collagenous
bundles. The deep bundles now are seen
running in a direction radial to the articular
sucface, whereas the superficial bundles are
parallel to the surface.

At the margins of the articular cartilage,
the hyperplastic synovial membrane extends

which remnants of cartilage tissue are dis-
persed.

It is observed that several areas of dis-
integration of the entire thickness of the
cartilage are replaced by vascular prolifer-
ating granulation tissue extending from the
marrow spaces, (Fig. 15.) In this hyper-
plastic tissue the fragments of the hyaline
cartilage still are discemible. Such areas
may well depict one mode of formation of
subchondral cysts so characteristic of hemo-
philic arthritis. It is reasonable to assume
that with complete absorption of the re-
maining fragments of the arficular cartilage,
a defect remains in the bone end devoid of
osseous or cartilaginous elements but con-
taining granulation tissuc; this defect now
communicates with the joint cavity. Con-
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tinued activity of this tissue causes further
absorption of the surrounding Ca}'txlagc and
bone, thereby increasing the size of Shc
delect. On the other hand, the granulation
tissue may undergo muaturation, form.ing
fine strands of fibrous tissue that project
into the joint cavity. Such changes were
noted in the macroscopic study of the he-
mophilic joints described previously.

SUBCHONDRAL AND CANCELLOUS BoNe

Marked irregular thinning of the sub-
chondral bone is noted; in some areas the
calcified Iayer of cartilage rests on the mar-
row spaces of the cancellous bone. Even
more pronounced are the atrophy and the
fragmentation of the bony trabeculae of
the cancellous bone. This permits coales-
cence of the small marrow spaces and
formation of larger spaces. It is interesting
to note that many marrow spaces adjacent
to the subchondral bone contain an abun-
dance of vascular proliferating connective
tissue which appears to cause absorption of
the surrounding bony trabeculae. (Fig. 16.)
This process may be responsible for the
formation of cysts below the level of the
articular cartilage. As noted previously, the
process also may implicate the overlying
cartilage; with disintegration and absorption
of the cartilage the cyst gains communica-
tion with the joint cavity. There is no evi-
dence of recent intracancellous hemorrhage
that might be interpreted as the initiating
agent of this process. In this instance it ap-
pears that the degenerating cartilage may
be the exciting factor. However, one must
admit that hemorrhage within the cancellous
bone may occur and initiate a similar patho-
logic process that results in destruction of
atrophic bony trabeculae and the formation
of intra-osseous cysts,

SYNOVIAL MEMBRANE
The outstanding features of the synovial
membrane are hyperplasia, hypertrophy and
increased vascularity. The thickened mem-
brane falls into numerous folds and exhibits
clusters of villous formations. (Fig. 17.)

FiG. 17. Note that the synovial mem-
brane falls into folds and shows evidence
of marked hyperplasia and hypertrophy
and increased vascularity. Also, viltus for-
mations are readily discernible.

This is true of synovial membrane lining,
the fibrous elements of the joint and the
intra-articutar fat pads. Deposits of blood
pigment, varying in size, are readily dis-
cernible in the subsynovial layers. A marked
increase in the fibrous tissue elements of
the synovial membrane is readily demon-
strable.

So far as one can determine from a cline
ical viewpoint, a hemophiliac is born with
normal joints. However, the first hemorrhage
into a joint may occur very early in child-
hood—the youngest patient with hemar-
throses in this series was 12 months. How-
ever, most occur after 5 years of age. ¥ a
massive hemorrhage occurs in a joint that
!‘af‘ not been implicated previously, or in a
joint that has been the site of very few
hemarthroses occurring at long intervals,
the tissues return 1o normalcy without clin-
ical manifestations of any unfavorable resid-
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ual sequelae. After bleeding has been con-
!r?ll.ed, either spontaneously or by the ad-
ministration of blood or plasma, the time
interval required for absorption of the blood
is governed by the massiveness of the hem-
orrhage and the joint involved. Large joints
such as the knee and the shoulder may
necessitate from 2 to 3 weeks before all
clinicat evidence of absorption of the blood
is noted. In the joints under discussion one
must assume that the synovial and the sub-
synovial tissues are able to handle the intra-
articular blood with ease and not suffer any
harmful effects in doing so. This is confirmed
by clinical examination of these joints after
all evidence of intra-articular blood has dis-
appeared. These joints now are capable of
full function and show no osseous or soft
tissue alterations. Furthermore, it has been
shown in experimental animals that injec-
tions of the knee joints by heparinized and
nonheparinized blood at weekly intervals
for from 4 to 6 weeks produced only a mild
response in the synovial and the subsynovial
tissues. It was noted also that if the animals
were sacrificed 2 weeks after the Jast injec-
tion, the synovia returned to normalcy.
Repeated insults to the joint tissues by
numerous and frequent hemorrhages, either
of the massive or the subclinical variety, pro-
duce changes in all the joint elements that
are irreversible and produce eventually fixed
deformities and varymng degrees of dysfunc-
tion consistent with chronic arthritis. The
synovial and the subsynovial tissues are im-
plicated early and show advanced altera-
tions before the cartilaginous and the os-
seous elements are involved. The essential
response of these tissues is a hyperplastic
process producing a villous synovitis and
thickening of the subsynovial fissues by
marked fbrous tssue proliferation. These
tissues are laden with blood pigment, lead-
ing many observers to conclude that }his
substance is the noxious agent responsible
in a large measuse for the hyperplastic re-
sponse. Repzated pronounced intra-.:xrtxcular
tension produced by numerous massive hem-

orrhages also must be regarded as 1 causa-
tive agent. That blood pigment is the irritant
responsible for the alterations has not been
confirmed by animal experimentation. It
will be shown in a subsequent report that
repeated massive injections of blood pi-
ment extracted from the animals’ own blood
failed to produce alterations of the same
intensity, as did a similar number of injec-
tions of heparinized or nonheparinized
blood. This experiment forces one to con-
clude that some other agent in the blood
may be the etiologic factor, Inasmuch as no
severe alterations were observed when blood
plasma was injected into the jomnts of an-
other series of animals, one must look to
some other factor in the blood as the irritant.

Regardless of the cause, the resulting
hyperplastic process is a definite deterrent
to resorption of blood from the joint cavity.
Organization of the granulation tissue pro-
duces dense scar tissue eventually. A sim-
flar process is in progress in the fibrous
capsule, the ligamentous apparatus and
other periarticular tissues. Such changes pro-
vide an explanation of the clinical features
noted in a joint that is the site of repeated
hemarthroses If the knee joint is involved,
one notes marked thickening of the para-
patellar tissues. As a rule, soft crepjrus is
demonstrable on flexion and extension of
the jomt. Invarably such joints exhibit
some restriction of motion. In more ad-
vanced cases contraction and shortening of
the capsule and the surrounding mu§c§:s,
particularly on the flexor side of the joint,
result 1n fixed deformittes. The hyperp!aslxc
synovial membrane at the peripherics of
the articular cartilage forms a panus over
the hyaline cartilage, depriving it of its
nutrition In these areas rapid disintegra-
tion of the rartilage ensues and is invaded
by vascular young connective tissuF. From
such areas, by metaplasia, castilacinous OF
bony excrescencies are formed. Thcsc.arc
observed in the gross specimens dc_scnbcd
prcvmusly and noted afso 11 cxp:nmcnta)

animals,
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The abnormalities in the articular carti-
Iage have been recorded previously. As yet,
the factor or the factors responsible for
these changes ave not known; some workc'rs
have suggested that some agent may e)gxst
in hemophitic blood which has n selective
toxic effect on the articular cartifage. Such
a factor has not been isolated as yet, The
carliest changes in the cartilage comprise
yeliow staining and fibrillation of the super-
ficial fibers; later, punched-out areas of
destruction and erosion are noted. The en-
tire surface appears pitted, while its margin
is covered by a panus of synovial membrane
that invades the degencrated cartilage. In
such aress cartilaginous and bony excres-
cencies may form by metaplasia of the young
connective tissue. The resulting irregular
marginal excrescencies produce varying de-
grees of incongruity of the articulating sur-
faces of the bone ends of the affected joint.
This feature is exhibited in the knee joints
deseribed in this presentation. On the other
hand, gradual disintegration of the articular
margis may eccur, followed by resorption,
so that the total area of the articular suc~
face is reduced markedly; this abnormality
1s noted in the humeral head described pre-
viously. This specimen shows further that
the entire cartilaginous surface may disap-
pear, leaving behmd a sclerotic, irregular,
punched-out eburnated bony surface.

Cyst ForRMATION

The cystic areas and clefts noted in the
articular cartifage may arise from coales-
cence of Werchselbaum's lacunae, by re-
placement of deteriorated areas of articular
cartilage by connective tissue or by the de-
struction of the overlying subchondral bone
and cartlage by vascular connective tissue
originating in the marrow spaces immedi-
stely adjacent to the subchondral bone. All
these modes of origm are noted in the mi-
croscopie study recorded herein The pro-
hferating connective tissue found in the can-
cellous bone appears to be a nonspecific
response produced by death of cartilage

cells and disintegration of the hyatine matrix.
1t was noted previously that this tissue also
might cause resorption of the surrounding
bony trabectuac, permitting many masrow
spaces 1o communicate with one another,
thezeby producing cystic defects in the sub~
chondral bone or in the cancellous bone.
If the process progresses toward the joint
cavity destroying the overlying cartilage in
its path, the cysts will communicate even-
tually with the joint cavity.

The other theory for the formation of
cysts is intra-osseous hemorrhage that breaks
down the atrophic bony trabeculae found
in the cancelfous bone of the hemophiliac.
Some cysts attain giant proportion. Coales-
cence and collapse of these defects produce
marked deformities of the bone ends and
incongruity of the articular surfaces. This
featare, plus a reparative process in the
quiescent stage, provides an explanation of
the bony sclerosis observed roentgenalogi-
cally in some of the joints. That fiealing may
occur in cystic areas has been confirmed by
a study of serial roentgenograms of joints
over a period of several years. Occasionatly
the walls of the cysts become dense and
sclerotic, precluding obliteration of the cyst,
If the process continues to be active, suf-
ficient fibrous tissue grows out of the de-
nuded bone ends to permit development of
fibrous ankylosis. Bony ankylosis does oc-
our, but this is 2 rare sequela. The above
alterations in the synovialis, the subsynovial
tissue and the cartilaginous and the os-
seous clements, together with the change
o.ccurring in the capsule and the pericapsular
tissue, are responsible for the establishment
of fixed joint deformitics of varying severity.

JOINT DEFORMITIES REQUIRING
SPECIAL CONSIDERATION

The clinical and the roentgenologic fea-
tures observed in some joints of the hemo-
philiac are of special interest becawse their
development is peculiar to the joint im-
plicated. This is particularly true of the knee,
the elbow and the shoulder joints. Some of
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the specific alterations are noted early in
the development of the deformities, while
others are observed in the late stages of
development.

KNEE JOINT

It was recorded previously that this joint
was the most frequent site of hemarthroses;
also, it is usually the first joint to be impli-
cated. The first intra-articular hemorrhage
may occur in very early childhood. If re-
peated joint hemorrhages occur, the knee
rapidly assumes a fixed deformity which it
is difficult, and often impossible, to over-
come. Such fixed deformities of varying
severity have been observed in children
under 5 years of age. The deformity is a
compound one; it comprises flexion of the

Fic. 18. Note the com, i i
. ot compound deformity of the right L
Joint, comprising flexion of the joint, ger}:u valgurrr:gand l:iﬁ
ternal rotation of the tibia. i ”

P

FIG. 19. Observe the knobbiness of both
knee )oints. This is very charactenstic 1n
children after the age of 10 and in adults.
This knobbiness is due to irregular over-
growth of the epiphyses and overgrowth
of the patella.

jomt, genu valgum and external rotation of
the tibia. (Fig. 18.) In long-established de-
formities, posterior subluxation of the tibia
may exist. Once the tibia has subluxated
posteriorly, it never returns to its normal
position with or without treatment. It was
recorded previously that the soft tissue al-
terations, especially in the young, played a
very significant role in the development of
the knee deformities.

Concurrent with contraction of the joint
capsule, shortening and contracture of the
hamstring muscles and the ilio-tibial band
occur, These structures not only ensure a
fixed flexion deformity but also produce ex-
ternal rotation of the tibia on the femur,
the genu valgum, and in severe forms of ll}x‘s
deformity, posterior subluxation of the tibia.
It is interesting to note that in children ex-
hibiting such deformities, the articular sur-
face of the joint may show roentgenologically
minimal or no alterations.
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Fie. 20. Pronounced overgrowth of the
medial one half of the proximal epiphysis
of the tibia vesults frequently 1n a varus
deformity of the tibia, as noted here. This
15 not an uncommon finding in adults.

In children after the age of 10 and in
adults the knee joints exhibit usually a char-
acteristic knobbiness resulting from irregular
overgrowth of the epiphyses; the patelia
may show marked overgrowth. (Fig. 19.)
In some instances the epiphyses on the me-
dial side of the joint show more overgrowth
than those on the lateral side, so that the
patella may be forced to assume a sublux-~
ated position on the lateral femoral condyle.
Pronounced overgrowth of the medial one
half of the proximal epiphysis of the tibia
frequently produces a varus deformity of
the tibia immediately below the medial
tiwal condyle: also, the medial one half of
the distal femoral epiphysis may be en-
larged This deformity is encountered most

Fic. 21. Note the overgrowth of the
piphyses and the epicondyles of the hu-
merus and of the radial head of the right
elbow joint in comparison with the left.
Alse observe the increase in size of the
radial epiphysis of the right joint.

often in adults; usually it is bilateral. (Fig.
20.)

Ersow JOINT

The features peculiar to the deformity
of this joint are restriction of extension, vary-
ing degrees of valgity and knobbiness, and
broadening of the epicondyles of the hu-
merus. {Fig. 21.) The alterations are pro-
duced chiefly by irregular overgrowth of
the epiphyses and in some instances by pre-
mature closure of the lateral one half of
the distal epiphyseal plate of the humerus.
Other interesting abnocmalities encountered
frequently in the elbow are excessive over-
growth and flaring of the ossification center
comprising the head of the radiws, prema-
ture closure of the epiphyseal plates of the
secandary ossification centers such as those
of the epicondyles, and pointing of the tip
of the olecranon,

SHOULDER JOINT

Roentgenologically this joint frequently
exhibits 2 interesting abnormalities, The
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FiG. 22. Observe the large flowing beak-
like osteophyte that forms frequently on
the inferior articular margin of the head
of the humerus in a hemophiliac.

neck of the scapulae may be elongated,
and in some instances it is directed slightly
downward. Large flowing beaklike osteo-
phytes may form along the inferior articular
margin of the head of the humerus. (Fig.
22.)
ANKLE JOINT

The most significant alteration i the ankle
joint comprises flattening of the superior
articular superior of the talus, which re-
sembles the end-result of an osteochondritic
process. (Fig. 23.) Sumilar changes are notzd
occasionally in the head of the femur; here
the changes simulate Calvé-Perthes’ disease.

CLASSIFICATION OF
HEMOPHILIC ARTHRITIS

Konig classified the different stages of
hemophilic arthropathy as (1) hemarthrosis,
(2) panarthritis and (3) the regressive stage.
Key does not recognize any significant dif-
fercnces between Konig's stage of panar-
thntis and the regressive stage; he described
two types—(1) acute hemarthrosis and (2)
chronic arthritis. Although Key's classifica-
tion is more simple than that of Konig, 1t
fails to recognize the progressive pathologic

Fi16. 23. The supernior articular surface
of the talus 1s flattened, the bone is scle-
rotiC, and the appearance of the talus is
similar to that observed in osteochondnitis.

stages of the disorder, which in most in-
stances parallels the clinical and the roent-
genologic features. On the other hand, Ko-
nig’s classification fails to correlate the clin-
ical and the roentgenologic features with
the clinical findings in terms of joint dys-
function, if present. Therefore, in this study
an attempt was made to classify hemophilic
arthropathy into 4 grades which correlate
the clinical manifestations with the patho-
logic alterations in the components of the
joint and with the observations noted roent-
genologically. i

Acute hemarthrosis is not included in
this classification because 1t may occur in a
normal joint er in a joint showing altera-
tions of varying severity. The response of the
joint tissues to massive intra-articular bleed-
ing depends upon the changes existing in
the joint prior to the bleeding. 1f blccdlflg
occurs in a normal joint, as a rule the fis-
sues return to normaley within a few days.
However, repeated hemorrhages of this na-
ture produce permanent alterations which
tend to dispose the joint o future cpisodes
of blecding which, in turn, increase the se-
verity of the existing tissue changes. Acute
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Fre. 24, This knee joint is an example
of the changes designated Grade 1. Note
that there are no osseous changes. How-
ever, there 1s some thickening of the
systovial membrane and the subsynovial

ussues, as evidenced by the ingreased
density of the soft tissues surrounding the
joint.

hemarthrosis in joints afflicted with chronic
arthritis behaves differently from that oc-
curnng in normal or nearly normal joints,
In the former, the blood is absorbed more
slowly because the alterations in the syno-
vial, the subsynovial and the capsular tis-
sues preclude rapid dispersion and absorp-
tion of the blood. The blood and the result-
ing increased intra-articular tension in such
jomts enhance formation of fibrous tissue
in the soft tissue elements and the altera-
tions described previously in the cartilagi-
nous and the osseous components of the joint.
It becomes apparent that acute hemarthrosis
must be considered as an important factor
in inittating arthritis and increasing its se-
verity, but it should not be considered per se
as a type of arthritis. In this study the dis-
order has been divided into Grades 1, 2,
3 and 4.

Grape |

This is the earliest form of arthritis en-
countered Essentially the changes are lim-

F1a. 25. This is an example of the altera-
tions designated Grade 2. Note that the
bony trabeculae of the epiphyses appear
to be stouter than normal and stand out in
bold relief. However, there is no incon-
gruity of the joint surfaces, and the joint
spaces are well preserved. No defects are
noted in the articular cartilage, and no
cysts are noted in the subchondral bone,

ited to the soft tissue elements, Clinically
the joint exhibits no restriction in its arcs
of motion, and no deformities are discernible.
Slight atrophy of the muscles about the joint
may be present; this is especially true of the
knee joint. Some thickening of the synovial
and the subsynovial tissues is discernible, but
as yet no broadening of the epiphysis has
occurred. Roentgenograms exhibit no bony
abnormalities, except for some slight gen-
eralized decreased density of the bone ends.
However, they may reveal some increased
density of the capsular tissues. At this stage
the joint exhibits no dysfunction. (Fig. 24.)

GRADE 2

In this stage all the observations noted
in Grade 1 are more pronounced. In addi-
tion, deformities of joints in one plane are
discernible. No angular deformities are pres-
ent. The deformities are due entitely to con-
tractures implicating the capsular and the
pericapsular tissues, resuhing inloss of a few
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Fic. 26. This is an example of the alterations designated
Grade 3. Observe the marked atrophy of the muscles, pro-
nounced pericapsular thickening of ‘the joints with some
knobbiness and the compound deformity at the knee joint
comprising flexion, genu valgum and external rotation of the
lower leg.

degrees of the normal arcs of motion, How-
ever, this restriction of motion does not
produce serious impairment of the over-all
performance of the joint, and the patients
are not aware of any appreciable dysfunc-
tion. Usually the bone ends exhibit shight
broadening, and the first indications in a
mild form of knobbiness of the joint are
manifest. Roentgenologic study reveals no
incongruity of the joint surfaces, and the
joint space is well preserved. No defects
in the articular cartilage or the cystic for-
mation in the subchondral bone or can-
cellous bone are noted. However, the bony
trabeculae of the epiphysis may appear
stouter than normal and stand out in bold
relief. (Fig, 25.)

GRADE 3

Joints in this stage of development of
the arthritic process show fixed deformities
which in some instances are in more than
one plane. Examples of this grade are readily
demonstrable in the knee, the elbow and the
subtalar joints. The knee may exhibit flex-
ion, valgity and external rotation of the
tibia on the femur. Occasionally a varus
deformity may be present. The elbow may
exhibit varymg degrees of valgity, and the
foot may be everted at the subtalar joint,
resulting from contracture of the peroncal
muscle mass The combined soft tissue and
cartilaginous and osseous changes are of
sufficient severity to produce an appregia’bl:
degree of dysfunction. In addution, clinical
examination reveals marked atrophy of the

Fic. 27. This is the roentgenogram of the patient
deprcted 1n Figure 26 Note thinning of the joint
space, beginming spur formation, particularly of lht!I
ubial spines, punched-out cysts in the subch9ndrn{
areas, particularly of the tibia, and incongruity o

the articular surfaces
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Fic. 28. These alterations are consistent
with Grade 4. Note the pronounced thick-
ening of the periarticular tissues and the
knobbiness of the knee joint.

muscles motorizing the joint, pronounced
pericapsular and capsular thickening, and
knobbiness of the bone ends. (Fig. 26.)
Roentgenologically one notes irregular over-
growth of the epiphysis, incongruity of the
articular surfaces, clefts and punched-out
areas in the cartilage, cysts in the subchon-
dral and the cancellous bone, slight thinning
of the joint space and beginning spur for-
mations. (Fig. 27.) Bone sclerosis is not a
significant feature of this stage. These joints
often become painful and stiff with activity
mcident to normal function and often are
the site of repeated massive and subclinical
hemorrhages.

GRADE 4

This stage embraces the most severe al-
terations encountered in this study, Here
the changes noted in Grade 3 are more pro-
nounced, and the functional capacity of the
joint is reduced greatly. Frequently, soft
crepitus is demonstrable in the joint while
performing within its restricted arcs of mo-
tion. The deformities are fixed and pro-
nounced. Marked knobbiness is a constant
feature, and in some instances fibrous anky-
losis exists. Fibrous ankylosis is a frequent
finding in the patellofemoral joint. In many
of these joints the patella is fixed firmly to
the anterior surface of the femur, and oc-
casionally it assumes a subluxated position.

Fig. 29. These roentgenograms are of
the person depicted in Figure 28. Note the
roarked thinning of the joint spaces, in-
congruity of the articular surfaces, spur
formation and subchondral cyst forma-
tion,

Roentgenologic study reveals bony sclerosis
to be the outstanding feature. In addition,
part or all of the joint space is thinned or
obliterated completely. Marginal spurring
and spurring of bony processes such as the
olecranon and the tibial spines are con-
comitant findings in most joints in this cate-
gory. Cysts in varying steps of development
and in some cases in stages of healing are
discernible. It becomes apparent that pro-
nounced incongruity of the articular sur-
faces is a constant observation. It is inter-
esting to note that these alterations gener-
ally are noted in aduits in whom the fre-
quency of joint hemorrhages is reduced
greatly. It appears that once the arthritic
process is initiated and progresses to a level
of severity sufficient to alter the normal joint
mechanics, progression of the alterations
continue in spite of the infrequency or the
absence of acute hemarthroses. (Figs. 28 &
29.)
MANAGEMENT
OF THE HEMOPHILIAC

PROPHYLAXIS

Generally it is accepted that jn most in-
stances trauma—minor or severe—initiates
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F1g. 26. This is an example of the alterations designated
Grade 3. Observe the marked atrophy of the muscles, pro-
nounced pericapsular thickenmg of the joints with soms
knobbiness and the compound deformuty ‘at the knee jorn
comprising flexion, genu valgum and external rotation of the
lower Jeg.

degrees of the normal arcs of motion. How-
ever, this restriction of motion does not
produce serious impairment of the over-all
performance of the joint, and the patients
are not aware of any appreciable dysfunc-
tion. Usually the bone ends exhibit slight
broadening, and the first indtcations in a
mild form of knobbiness of the joint are
manifest. Roentgenologic study reveals no
incongruity of the joint surfaces, and the
joint space is well preserved. No defects
in the articular cartilage or the cystic for-
mation in the subchondral bone or can-
cellous bone are noted. However, the bony
trabeculae of the epiphysis may appear
stouter than normal and stand out in bold
relief. (Fig. 25.)

GRADE 3

Joints in this stage of development of
the arthritic process show fixed deformities
which in some instances are in more than
one plane. Examples of this grade are readily
demonstrable in the knee, the elbow and the
subtalar joints. The knee may exhibit flex-
ion, valgity and external rotation of the
tibia on the femur, Occasionally a varus
deformity may be present. The elbow may
exhibit varying degrees of valgity, and the
foot may be everted at the subtalar joint,
resulting from contracture of the peroneal
muscle mass The combined soft tissue and
cartilaginous and osseous changes are of
sufficient severity to produce an appret.:u!blt
degree of dysfunction. In addition, clinical
examination reveals marked atrophy of the

FiG. 27. This is the roentgenogram of the patient
deprcted 1n Figure 26. Note thinning of the ]Dl}:\c‘
space, beginning spur furmalwn.'parucularly ol‘dx "
tibsal spines, punched-out cysts in the subchon :)r
areas, partcularly of the ubia, and incongruity
the articular surfaces.
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Fic. 28. These alterations are consistent
with Grade 4. Note the pronounced thick-
ening of the periarticular tissues and the
knobbiness of the knee joint,

muscles motorizing the joint, pronounced
pericapsular and capsular thickening, and
knobbiness of the bone ends. (Fig. 26.)
Roentgenologically one notes irregular over-
growth of the epiphysis, incongruity of the
articular surfaces, clefts and punched-out
areas in the cartilage, cysts in the subchon-
dral and the cancellous bone, slight thinning
of the joint space and beginning spur for-
mations (Fig. 27.) Bone sclerosis is not a
significant feature of this stage. These joints
often become painful and stiff with activity
incident to normal function and often are
the site of repeated massive and subclinical
hemorrhages.

GRADE 4

This stage embraces the most severe al-
terations encountered in this study. Here
the changes noted in Grade 3 are more pro-
nounced, and the functional capacity of the
joint is reduced greatly. Frequemly, soft
crepitus is demonstrable in the joint while
performing within its restnicted arcs of mo-
tion. The deformities are fixed and pro-
nounced. Marked knobbiness is a constant
featare, and in some instances fibrous anky-
losis exists. Fibrous ankylosis is a frequent
finding in the patellofemoral joint. In many
of these joints the patella is fixed firmly to
the anterior surface of the femur, and oc~
casionally it assumes a subluxated position.

Fi6. 29. These roentgenograms are of
the person depicted in Figure 28. Note the
marked thinning of the joint spaces, in-
congruity of the articular surfaces, spur
formation and subchondral cyst forma-
tion.

Roentgenologic study reveals bony sclerosis
to be the outstanding feature. In addition,
part or all of the joint space is thinned or
obliterated completely. Marginal spurring
and spurring of bony processes such as the
olecranon and the tibial spines are con-
comitant findings in most joints in this cate-
gory. Cysts in varying steps of development
and in some cases in stages of healing are
discernible. It becomes apparent that pro-
nounced incongruity of the articular sur-
faces is a constant observation It is inter-
esting to note that these alterations gener-
ally are noted in adults in whom the fre-
quency of joint hemorrhages is reduced
greatly. It appears that once the arthritic
process is initiated and progresses to a level
of severity sufficient to alter the normal joint
mechanics, progression of the alterations
continue in spite of the infrequency or the
;tg:s;nce of acute hemarthroses. (Figs. 28 &
MANAGEMENT
OF THE HEMOPHILIAC

ProrHYLAXIS

Generally it is accepted that in most in-
stances trauma—minor or severe—initiates
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hemarthroses. It becomes apparent that par-
ents should handle hemophilic infants with
gentleness and care. The activities of chil-
dren should be curtailed in order to protect
them from abnormal stress and trauma.
However, it is difficult to achieve this, par-
ticularly when children are sent to school
and are not under the close supervision of
their parents. Older children must be in-
formed concerning their affliction and how
vital it is for them to avoid bodily injury.
Adults have fewer hemorrhages because they
learn to live with their afliction and pro-
tect their bodies from excessive activity and
trauma.

Many acute hemarthroses begin slowly
and reach large proportions only if they
are ignored. Parents should be taught to
recognize early bleeding. Usually this is as-
sociated with pain, stiffness and restricted
activity due to muscle spasm. At this stage
the joint should be put at complete rest and,
where possible, a compression bandage ap-
plied; then the part is surrounded by ice
packs. If these precautions are taken, many
large hemarthroses will be aborted.

MASSIVE  HEMARTHROSIS

This may occur suddenly or insidiously;
the management should be directed concur-
rently to the local lesion and the blood de-
fect. In order to treat these patients ade~
quately, centers should be set up where the
patients are surveyed periodically and they
can report and be admutted in case of emer-
gency. At these centers, blood banks with
sufficient blood of all types to meet the
emergency should be readily available; also,
frozen plasma should be kept in stock to
be used in case the specific type of blood
is not on hand. Such a center has been in-
stituted at Jefferson and has serviced many
of the hemophiltacs with all forms of acute
hemorrhages

Patients with acute massive hemarthroses
or with muld hemarthroses that do not re-
spond to the measures described previously
are admitted to the hospital and put at com-

plete bed rest. The blood dzfect is studied
immediately and corrected by the adminis-
tration of whole blood or plasma. Trans-
fusions are given repeatedly, even after the
bleeding time has approached normal himits.
This is an important facet in the manage-
ment of acute hemorrhages, because patients
may continue to bleed in spite of a normal
bleeding time and can be controlled only by
repeated administration of normal blood.

The joint is put at complete rest and sur-
rounded by ice packs. Where possibls, an
elastic compression bandage is applied. This
is especially applicable to knee, ankle, elbow
and wrist joints. The best way to attain uni-
form compression is first to lay on the an-
terior, the posterior and the lateral sur-
faces of the joint wide strips of foam rubbzr
% in, thick; these extend 2 or 3 in. proximal
and distal to the joint; then the extremity
with the strips in place is wrapped with
several layers of elastic bandage. This dress-
ng serves as a means of compression and
also immobilizes the joint. Ice packs are ap-
plied over the compression dressing.

At this point the advisability of aspira-
tion of the joint or the mstillation of some
dispersing agent mto the joint must be con-
sidered. Increased intra-articular tension and
the blood per se are noxious agents cap.al.ﬂe
of producing deleterious effects mn the joint
tissues. Therefore, it becomes obvious that
reduction of the tension and removal of the
blood are desirable mn acute hemarthroses.
Whenever feasible, aspirauon of blood is
performed routinely in this clinic; in fact,
if necessary, repeated aspirations arc donc.
This s followed by the application of 2
compression bandage such as descrnibed pre-
viously As yet, no unfavorable sequelae
have followed joint aspirations It is felt that
aspirations never are contraindicated, pro-
vided proper measures are faken to control
the blood defect

The authors arc of the opinion that
spreading factors such as hynlumn.'xdasc
should not be cmploycd m massive intra-
articular hemorrhage. This is based on the



Management of the Hemophilisc 187

clinical observation that joints treated by
such spreading agents return to pormaley
much slower thar do joints treated by as-
piration and compression. In the former
joints, pronounced diffuse thickening of the
synovial and the capsular tissues is demon-
strable for many weeks after the acute hem-
orrhage. One knee joint treated by the in-
jection of hyaluronidase disclosed marked
painful thickening of tissues 7 weeks after
the injection. Hyaluronidase causes depoly~
merization of the principal element of the
ground substance, namely, the mucopoly-
saccharide hyaluronic acid, and increases
the permeability of the synovial membrane.
These conditions favor rapid absorption of
intra-articular blood, particularly when un-
der great tension. However, when this oc-
curs, the syrovial membrane is forced to
carry a tremendous work load within a brief
period of time and is subjected suddenly to
a concentration of noxious factors in the
blood. Chinical evidence of this conclusion
is borne out by the marked thickening of
the synovial tissue following the injection
of the enzyme into a site of hemarthrosis
and by the prolonged period that it takes
the tissues 1o return to normaley or pear
normalcy. It becomes apparent that re-
peated insults of this nature have serious
deleterious effects on the joint tissues and
will eshance development of arthritic alter-
ations. When hyaluronidase first was em-
ployed in this chinic as an adjunct in the
treatment af hemarthrosis, the authors were
impressed by the immediate favorable re-
sponse of the joints and even recommended
its use, but as the clinical material accumu-
lated and a critical analysis was made of
the cases treated by the 2 methods in the
follow-up chnte, they were forced to change
theis first impression. However, 1hey do be-
heve that hyaluronidase has a place in the
treatment of massive hemacchages into soft
issues such as muscles, subcutaneous tissue
and skin, Early injection of the enzyme pro-
motes raprd absorption of the blood and

precludes thrambasis of vessels and necrosis
of tissue,

Alfter aspiration of the joint, just as so0n
as it becomes apparent that bleeding is
controlied, active motion within the painless
arcs is instituted. However, no weight-bear-
ing is permitted at this time. Active motion
favors absorption of any residual blood, en-
hances nutrition of the articutar cartilage
and prevents contracture of capsular and
pericapsular tissues, Active motion may be
performed within the compression dressing.
If the knee joint is implicated, care must
be taken to prevent flexion deformity of the
joint. This it achieved by traction to the
lower leg. However, traction should not b2
applied if the knee is distended markedly,
because the extended position causes thz
intra-articular tension to rise, thereby pro-
ducing more pain and exesting more tension
on the synovial tissues. Traction is applied
after the blood is aspirated and bleeding is
controlled.

‘The quadriceps apparatus should be given
special consideration. Quadriceps atrophy
and loss of power are constant concomitant
findings following hemarthrosis of the knee
joint. In some instances complete loss of
voluntary contraction of the muscle ensues;
in 1 case 12 weeks passed before even a
flicker of contraction was demonstrable in
the muscle. This occurred in spite of in-
tensive efforts on the part of the patient to
restore muscle power. It becomes apparent
that early quadriceps setting and resistance
exercises must be instituted just as soon as
pain is alleviated and bleeding is controlled.
The knee joint should be protected for sev-
eral weeks by crutch-watking unti the muscls
is sufficiently strong to stabilize the knee
joint adequately. It is wrong 1o allow patients
to wear 2 long leg brace in order to prevent
hemarthroses; this promotes greater atrophy
of the quadriceps and favors stiffness of the
knee joint. Long leg bracss to be womn
?ermanemly are prescribed only for patients
in whom the deformity is beyond correction
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and some sort of protection to the limb is
needed.

CORRECTION OF JOINT DEFORMITIES

Every effort should be made to prevent
the development of joint deformities, be-
cause once established they are very difficult
to correct. The most effective preventive
measure is early active motion within the
tolerance of pain immediately after a he-
marthrosis. This promotes absorption of intra-
articular blood, enhances normal exchange
of interstitial tissue fluids, minimizes fibrous
tissuc formation and contractures of liga-
ments, capsub. tendons and muscles De-
formities of the knee joint produce the great-
est dysfunction, hence, deformities of this
joint will be considered 1n detail.

F1G. 30. This long leg brace with a circular spring is
worn part of the day and during sleeping hours 1n an
effort to prevent and correct flexion deformities of the
knee joints in hemophuliacs,

Following acute hemarthroses, knee joints,
especially in children, show a great tendency
to develop fixed flexion deformities. If, after
the measures described previously, complete
correction is not maintained, a long leg
brace with a circular spring at the knee joint
is worn for part of the day and during the
sleeping hours. (Fig. 30.) This spring is
designed to exert continuous extension at
the knee joint, yet it allows some voluntary
flexion. While wearing the brace, resistance
exercises are performed on a regulated regi-
men. The brace is discarded as soon as com-
plete extension can be performed voluntarily
and the tendency for development of a flex-
ion deformity is overcome.

Mild flexion deformities that fail to re-
spond to this method can be corrected by
continuous skin traction or wedging plaster
casts. Moderate and severe flexion deform-
ities usually are associated with valgity at
the knee joint and external rotation of the
tibia on the femur. Regardless of the meth-
ods employed, the authors never have been
able to correct the last 2 components of the
deformity. Furthermore, flexion deformity
in these joints may be corrected, but in-
variably the tibia assumes a position of pos-
terior subluxation. Unfortunately, such de-
formities not only cause marked dysfunction
but also predispose the joint to recurrent
hemorrhage. Some of these patients are
doomed to a long leg brace for hfe because
there is nothing else to offer from a conserv-
atve point of view

Such hopeless cases have been the slimullfs
for investigating a surgical approach to this
problem. The hazards associated with sur-
gery on the hemophiliac are well known;
nevertheless, the authors feel that i properly
selected cases and with adequate preoperas
tive and postoperative management, sur
gical correction of some of these deformities
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is possible, In the selection of cases, patients
with severe blood defects are excluded; only
patients with mild or moderate defects of
Grades 1 and 2 are considered suitable sub-
jects.* The surgical technic should be such
that no tissue planes are developed; no tis-
sue spaces are left open, and closure is
achieved by through-and-through inter-
rupted sutures. Incisions are made with a
cautery, and deep wounds, if not collapsible
by external pressure, should be drained to
prevent accumulation of blood. By observ-
ing these rules in this clinic the following
surgical procedures have been performed
without any unfavorable sequelae: 1 ar-
throdesis of the knee joint; 1 arthrodesis of
the hip joint; 1 massive excision of necrotic
tissue and replacement with skin grafts and
2 shelf operations and 2 derotation osteot-
omies for congenital dislocation of the hip
joints. We state emphatically that surgery
in the hemophiliac is dangerous; never
should it be attempted except in those cases
m which all other means have been ex-

* Dr. L. Tocantins uses 4 grades in classifying
hemophil the grade depending on the severity
of the blood defect. This classification and the cri-
teria of each grade will be released for publication
in the next few months,

Arthropathia

Summario in

Le presente studio es basate super un
analyse clinic del membros de 117 familias
hemophilie studiate al Hospital del Collegio
Medical Jefferson. Le studio resultava in
observationes clime relative al factores que
es responsabile pro le deformitates del ar-
ticulation, Iste factores es dolor e spasmos
muscular resultante ab massive hemorrhagias
e—plus importantemente—repetite minor
hemorrhagias a in le articulationes afficite.
Deformitates articulatori pote etiam esser
Ie resultato de massive hemorrhagias a in le
musculo ¢ e plano fascial, Exemplos de tal
deformutates es demonstrate per un caso

hausted, and then only if the patient’s blood
defect is of Grade 1 or 2 and if the per-
sonnel and the physical cquipment arc avail-
able to administer adequate preoperative and
postoperative management.
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Hemophilic

Interlingua

resimilante contractura de Volkman e un
altere caso de contractura adductional del
pollice. In certe casos massive hemorrhagias
pote causar le destruction total del histos
superjacente del articulation con le resul-
tante necessitate de excisiones del histos
necrotic sequite per graffos cutanee. Le al-
tere factores responsabile es embalancia mus-
cular, alterationes del cartilagine articular, al-
terationes del osso subchondral, e alterationes
hyperplastic del elementos de histos molle
del articulationes, In le presente studio le
aspectos roentgenographic del disordine es
registrate. Iste aspectos include alterationes



190 Hemophilic Arthropathy

observate in l¢ elementos de histo molle ¢
in e elementos cartilaginose e ossee del ar-
ticulation. Attention special es prestate al
characteristicas del formation de cystes sub-
chondral le quales pote esser de varie dimen-
siones—usque a dimensiones gigante. Es
etiam sublineate le effecto de arthropathia
hemophilic super Je crescentia del epiphyses.
In certe casos il ha excessos de crescentia
del epiphyses del articulation afficite. Iste
aspecto es etiam responsabile, a un certe
grado, pro le observate deformitates articula-
tional. Es etiam listate le constatationes mi-
croscopic. Istos non differe ab le constata-
tiones facite in altere typos de arthritis,
specialmente in osteoarthritis. Es monstrate
specimens obtenite post morte. Illos veni
ab duo articulationes del humero e ab duo

articulationes del genu. Es presentate le
characteristicas micro- e macroscopic, Final-
mente le tractamento de arthropathia hemo-
philic es delineate con emphase special super
le prevention de deformitates quandocunque
isto es possibile. Le arthropathia ha essite
subdividite in plure gruppos clinic e, intra
iste gruppos, in typos secundo le specific
defecto sanguinee involvite. Esseva con-
statate que multes de iste patientes qui re-
presenta typos 1 e 2 pote esser subjicite a
un tractamento chirurgic sin effectos ad-
verse. Isto da al chirurgo le privilegio de
corriger certes inter iste deformitates per
methodos chirurgic. Tamen, Je intervention
chirurgic debe remaner Je ultime recurso in
le tractamento de arthropathia hemo-
philic.
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Scapulocostal Syndrome™

RicHARD B. McGovnEy, M.D.§

The scapulocostal syndrome is 2 name
given by A. A, Michele? in 1950 to a symp-
tom complex involving unilateraily the
shoulder and the region of the superior
scapula with radiation of pain patterns into
the neck and the head, the deltoid muscle,
the arm and the hand, and occasionally the
upper anterior chest wall. This is a com-
mon, painful condition encountered more
frequently between the ages of 30 and 60,
equally divided between the sexes, usually

matie type is characterized by a more acute
or earlier onset of local or reflex symptoms
following a history of injury to the neck, the
shoulder or any part of the upper extremity.
Russek! has classified these as primary, sec-
ondary and static. 1 feel that these 2 general
types may coalesce or be superimposed, in
that the potential for the atraumatic type
may be present, and trauma may intervene
as a precipitant.

History and examination of a patient with

chronic at the time of diag and

ble to treatment in a high percentage of
cases. It is not to be confused with numer-
ous other painful conditions invelving the
neck, the shoulder girdle ond the upper
extremity, such as cervical osteoarthritis,
bursitis, herniated cervical intervestebral
disk, brachial plexus neuritis, “rotator cuff”
njuries, myositis and angina pectoris, al-
though it may be a part of all of these. It
has been stated variously that it is the cause
of from 30 to 50 per cent of all vnilateral

the atr type usually will reveal a
person between 30 and 65 who complains
of unilateral pain in the head, the neck, the
posterior shoulder, the arm and the hand,
or various combinations of these, of several
months’ duration without apparent cause,
with malpostural tensions, no obvious re-
strictions of motion or atrophy or neuro-
vascular dsturbances and an acute trigger
point about the superior vertebral angle
of the scapula. The traumatic type usually

+

pains jn the neck, the shoulder and the
arm areas in middle-aged persons.
There appear to be 2 main types—the
and the tr The atrau-
matic is characterized by a more or less
insidious onset from 30 to 60 years of age,
with postural and/or occupational tension
stresses without history of recent pertinent
trauma to the involved regions. The trau-

alr

* Paper presented at the meeting of the Western
(‘Jrﬂ}opcdr: Assocration held in Hawaii, Rovember,

* Santa Barbara, Calif,
e

will be enco dina younger
person, on the average; the same symptom
distribution will prevail, but there will have
been within a fairly recent period some in-
jury to the neck, the shoulder or the upper
extremity causing voluntary or involuntary
restriction of motion in these regions, with
resulting loss of motion in any of the joints
and the concomitant associated objective
clinical findings: there also will be an acute
trigger point about the superior vertebral
angle of the scapuls or the base of the
spinous process of the scapula.

What is the etiology of this syndrome? To
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my mind it has not been entirely established.
Along with Michele, I postulate that it is
a complex, the result of a fascial contraction
~—nerve irritation—segmental nerve reflex.
As early as 1922 Henry J. Prentiss,® Pro-
fessor of Anatomy at the University of Towa,
taught that

the prevertebral fascia extends from the anterior
tubercles of one side to the anterior tubercles of
the other side. enclosing the prevertebral muscles
with lateral extension of this fascia from the
anterior tubercles of the cervical vertebrae
around to the ligamentum nuchae and the
spinous processes of the vertebrae—beneath it
are all the lateral and postvertebral groups of
muscles—all the spinal nerve trunks in the neck
pass through this fascia.

He taught further that

surrounding both the anterior and posterior
compartments of the neck is the vaginal fascia
(fascia profunda). This fascia is part of the great
deep fascia which covers the whole body and
separates the deeper structures from the super-
ficial fascia and the skin and is continuous by
septa with all the deeper structures and is not
loosely applied like the superficial fascia,

Prentiss also said that

this muscle fascia of the neck is continued down
beneath the clavicle into the axilla as the costo-
coracoild membrane and 1s anchored to the
clavicle by a reflection around the subclavius
muscle

To understand this fascial-nerve-reflex
concept we must understand these anatomic
facts—that all the spinal nerve trunks in the
neck pass tirough this fascia, and that this
fascia 1s a part of the fascia profunda that
covers the whole body and 1s continuous by
septa with all the deeper structures, This
latter ncludes, of course, the termuscular
and the ntramuscular septa, points of bony
attachment and neurovascular bundles.

Why are the trigger points in approxi-
mately 86 per cent of the cases located at
or about the superior vertebral angle of
the scapula? To my mund, this point also
is not explained fully. I postulate that it is
because this area of the scapula sustains the

greatest suspensory or drag strain on the
cervical fascia and muscles through which
pass the spinal nerves involved in these pain
patterns, and that cord segmental reflex
symptoms are referred here.

Of the 3 bones that comprise the shoulder
girdle, the scapula is the only one that ar-
ticulates with the other 2—the common

ToTAL NUMBER OF PATIENTS: 150
Females 78 (52%) Males 72 (48%)
Side Involved
R 95(63.3%) FR50(33.3%) MR45(30%)
L 55(36.79%) FL 28 (18.66%) ML 27 (18%)
Females R 64,1% Males R 62.5%
L 359% L 37.5%
There were 78 females, 72 males—
essentially equal. With regard to the side
involved, the figures show a very clear
percentile occurrence between the sexes
as to area. Of the females, 64.1 per cent
were right, 35.9 per cent were left; of the
males, 62.5 per cent were night, 37.5 per
cent were left.

AVERAGE AGE: 45.09
Females 46.19 Males 44.00
30-40 40-50
F 18 (12.0%) F 21 (14%)
M17(11.3%) M 15 (10%)

50-60 60-70
F 12 (8%) F 13 (8.66%)
M15(10%) M 10( 6.66%)
10-20 20-30
F 2 (1.33%) F 7 (4.66%)
M3 (2.0%) M 5(3.33%)
70-80 80+
F 5(3.33%) F 2(1.33%)
M1 (0.66%) MO
Oldest F 87 Youngest F 14

The average age was 45.09 ycars, o the
middle of the 5th decade. The average
for females was 46.19 years, for males,
44 years. Numbers and percentages arc
given for the various decades from the
2nd to the 8th, They show that 80.66 per
cent were tn the age groups between kY
and 70. OF these, 64, or 52 89 per cent
were females, and 57, or 47.11 per cents
were males. The oldest patient was 2
female aged 87; the youngest, a femalé
aged 14 years.
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denominator. Of the multitude of muscles
acting on the shoulder girdle, the deltoid is
the only muscle that has bony attachments
to each of the 3 bones, and it is in the deltoid
alone that 44 per cent of referred pain in
this syndrome occurs and in 32 per cent in
addition in combination with the neck and
the arm, making 76 per cent in which the
deltoid area is involved. By far the greatest
area of deltoid bony attachment is to the

DuratioN
5Yr. 9
2Yr. 10 +o.oiiiian.. 39, or 26%
1Yr. 20
6 Mo. 13 ]
3 Mo. 19
IMo. 29 ;\ ........... 110, or 74%
1 Wk 34
1Day 15 J
Unknown 1
More than ) Yr. .............. 26%
1Yr orless covvrivianeennnnn 87.3%
Less than 6 Mo. .. . 74%
Lessthan 1 Mo. .............. 32%

The duration of symptoms varied from
over 5 years to 1 day. Those lasting more
than 1 year were 26 per cent; 1 year or
less, 87.3 per cent; less than 6 months, 74
per cent; and less than 1 month, 32 per
cent. The average duration approximated

8 months,
SYMPTOM AREA
Cases
Shoulder .............. 66 (44%)
Shoulder and Neck ...... 26 (173%)
Scapula ............... 23 (15.3%)
Shoulder and Arm ....... 22 (14.7%)
AmandHand .......... 19 (12.7%)
Neck and Head ......... 15 (7.3%)
Neck and Arm 2 (1.3%)
Bicipital Groove 2 (1.3%)
Chest 2 (1.3%)
Elbow ................ 1 (0.67%)

The symptom area is shown. The
shoulder was involved in 114, or 76 per
cent, and, with the scapula, in 137, or 91,3
per cent, of the cases,

scapula. The one common tissue that ap-
plies to and acts on all other deep structures
of neck, scapula, clavicle, humerus, spinal
nerves, vascular bundles, muscles and inter-
muscular septa is the fascia profunda.

Fascia is a dense fibrous connective tis-
sue that has the property of slight stretching
and contracting particularly when a long-
continued force is applied, and in this proc-
ess stretches or constricts the structures that
pass through or are attached to it. One im-
portant tissue passing through fascia is the
spinal nerve that carries the afferent and
the efferent impulses, which, when from an
irritative source, are interpreted as pain.

The scapula is a suspended bone except
for its articulation with the clavicle, which
in itself is a bone suspended by soft tissues
having the same or closely similar cord
segmental innervations as do the muscles
and fascia suspending the scapula. The mus-
cles and the fascias that suspend the scapula
all originate in the cervical or upper dorsal
vertebrae, or are extension of the preverte-
bral and the postvertebral fascias that are
penetrated by the spinal nerves Any drag
or sag exerted by the scapula in abnormal
postural positions puts stress on these mus-
cles and fascias, which in turn stimulate the
penetrating nerves and initiate painful stim-
uli. Inman, Saunders and Abbott! state that
motion occurs simultancously in all joints of
the region (shoulder girdle), each contribut-
ing its share. At the glenohumeral and the
scapulothoracic articulations the ratio from
almost the beginning to the termination of
the arc is respectively 2 to 1, Steindlers
ftz?tes_that abduction in the glenohumeral
joimnt s associated from the beginning with
scapular rotation.

The region of the scapula that has the
greatest degree of motion, either transiatory
(that is, forward or back, up or down) or
rotary, and also is supplied by the sams
cord segmental areas as the neck, the shoul-
der girdle and the Upper extremity, is the
area about the superior vertebral angle,

Tatsy® states that the spread of pain js
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my mind it has not been entirely established.
Along with Michele, 1 postulate that it is
a complex, the result of a fascial contraction
—nerve irritation—segmental nerve reflex.
As early as 1922 Henry J. Prentiss,® Pro-
fessor of Anatomy at the University of Towa,
taught that

the prevertebral fascia extends from the anterior
tubercles of one side to the anterior tubercles of
the other side, enclosing the prevertebral muscles
with lateral extension of this fascia from the
antenor tubercles of the cervical vertebrae
around to the ligamentum nuchae and the
spinous processes of the vertebrae—beneath it
are all the lateral and postvertebral groups of
muscles—all the spinal nerve trunks in the neck
pass through this fascia,

He taught further that

surrounding both the anterior and posterior
compartments of the neck is the vaginal fascia
(fascia profunda). This fascia is part of the great
deep fascia which covers the whole body and
separates the deeper structures from the super-
ficial fascia and the skin and 1s contmuous by
septa with all the deeper structures and is not
loosely apphed like the superficial fascia.

Prentiss also said that

this muscle fascia of the neck is continued down
beneath the clavicle into the axilla as the costo-
coracord membrane and s anchored to the
clavicle by a reflection around the subclavius
muscle

To understand this fascial-nerve-reflex
concept we must understand these anatomic
facts—that all the spinal nerve trunks in the
neck pass through this fascia, and that this
fascia 1s a part of the fascia profunda that
covers the whole body and is continuous by
septa with all the deeper structures, This
latter wncludes, of course, the ntermuscular
and the tramuscular septa, points of bony
attachment and neurovascular bundles.

Why are the trigger points in approxi-
mately 86 per cent of the cases located at
or about the superior sertebral angle of
the scapula? To my mund, this point also
is not explamed fully. I postulate that it is
because this arca of the scapula sustains the

greatest suspensory or drag strain on the
cervical fascia and muscles through which
pass the spinal nerves involved in these pain
patterns, and that cord segmental reflex
symptoms are referred here.

Of the 3 bones that comprise the shoulder
girdle, the scapula is the only one that ar-
ticulates with the other 2—the common

TorarL NUMBER OF PATIENTS 150
Females 78 (52%)} Males 72 (48%%)
Side Involved
R95(63.3%) FR50(33.3%) MRJ45(30%)
L 55(36,7%) FL 28 (18.66%) ML 27 (18%)
Females R 64.1% Males R 62.5%
L 359% L 37.5%
There were 78 females, 72 males—
essentially equal. With regard to the side
involved, the figures show a very clear
percentile occurrence between the sewes
as to area, Of the females, 64.1 per cent
were right, 35.9 per cent were left; of the
males, 62.5 per cent were right, 37.5 pes
cent were left.

AVERAGE AGE: 45.02
Females 46.19 Males 44 00
30-40 40-50
F 18 (12.0%) F 21 (14%)
M 17 (11.3%) M5 (10%)

50-60 60-70
F 12(8%) F 13 (8.66%)
M15(10%) M10( 666%)
10-20 20-30
F 2(133%) F 7 (4.66%)
M3 (2.0%) M5(3.33%)
70-80 80+
F 5(3.33%) F 2 (1.33%)
M1 (0.66%) MO
Oldest F 87 Youngest F 14

“The average age was 45.09 years, of the
middle of the 5th decade. The average
for females was 46,19 years, for smalcs.
44 years Numbers and percentages are
given for the various decades from the
2nd to the 8th. They shaw that 80 66 per
cent were in the age groups between 30
and 70. Of these, 64, or 52.89 per cent,
were females, and 57, or 47.13 per ceal,
were males. The oldest paticnt was 2
female aged 87; the youngest, 2 female
aged 14 years.



Scapulocostal Syndrome 193

denominator. Of the multitude of muscles
acting on the shoulder girdle, the deltoid is
the only muscle that has bony altachmen‘ls
to each of the 3 bones, and it is in the deltoid
alone that 44 per cent of referred pain in
this syndrome occurs and in 32 per cent in
addition in combination with the neck and
the arm, making 76 per cent in which the
deltoid area is involved. By far the greatest
area of deltoid bony attachment is to the

DuraTION

5Yr, 9
2Yr. 100 poeeiiinas, 39, or 26%
1Yr. 20
6Mo. 13
3Mo. 19
1Mo. 29

... 110,01 74%
1 Wk 34 [ 10, or o
1 Day 15 J
Unknown 1
More thant 1 Yr. .............. 26%
1Yr.orless...... . 87.3%

Less than 6 Mo. .. . 4%
Less than 1} Mo. 32%

The duration of symptoms vaned from
over 5 years to 1 day. Those lasting more
than 1 year were 26 per cent; 1 year or
less, 87.3 per cent; less than 6 months, 74
per cent; and fess than 1 month, 32 per
cent. The average duration approximated

8 months,
SYMPTOM AREA
Cases
Shoulder ..... ........ (44%)
Shoulder and Neck . (17.3%)
Scapula ............... (15.3%)
Shoulder and Arm ....... 22 (14.7%)
Arm and Hand 19 (12.7%)
Neck and Head .15 (7.3%)
Neck and Arm 2 (13%)
Bicipital Groove 2 (1.3%)
Chest .. .. . 2 (1.3%)
Elbow ................ 1 (0.67%)

The symptom area is shown. The
shoulder was involved in 114, or 76 per
cent, and, with the scapula, in 137, or 91,3
Yer cent, of the cases,

scapula, The one common tissuc that ap-
plies to and acts on all other deep structl_lrcs
of neck, scapufa, clavicle, humerus, spinal
nerves, vascular bundles, muscles and inter-
muscular septa is the fascia profunda.

Fascia is a dense fibrous connective tis-
sue that has the property of slight stretching
and contracting particularly when a long-
continued force is applied, and in this proc-
ess stretches or constricts the structures that
pass through or are attached to it. One im-
portant tissue passing through fascia is the
spinal nerve that carries the afferent and
the efferent impulses, which, when from an
irritative source, are interpreted as pain.

The scapula is a suspended bone except
for its articulation with the clavicle, which
in itself is a bone suspended by soft tissues
having the same or closely similar cord
segmental innervations as do the muscles
and fascia suspending the scapula. The mus-
cles and the fascias that suspend the scapula
all originate in the cervical or upper dorsal
vertebrae, or are extension of the preverte-
bral and the postvertebral fascias that are
penetrated by the spinal nerves. Any drag
or sag exerted by the scapula in abnormal
postural positions puts stress on these mus-
cles and fascias, which in turn stimulate the
penetrating nerves and initiate painful stim-
uli, Inman, Saunders and Abbott! state that
motion occurs simultaneously in all joints of
the region (shoulder girdle), each contribut-
ing its share. At the glenohumeral and the
scapulothoracic articulations the ratio from
almost the beginning to the termination of
the arc is respectively 2 to 1. Steindlers
§t§tes that abduction in the glenohumeral
Joint is associated from the beginning with
scapular rotation.

The region of the scapula that has the
greatest degree of motion, either translatory
(that is, forward or back, up or down) or
rotary, and also is supplied by the sam>
cord segmental areas as the neck, the shoul-
der girdle and the Upper extremity, is the
area about the superior vertebral angle.

Tarsy® states that the spread of pain is
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dependent on the intersegmental spread of
noxious impulses within the cor@ These im-
pulses are received by sensory neurons that
are naked nerve terminals scattered through-
out the deeper structures, subserving only
pain. When the somatic Jesion is persistent,
these stimuli are relayed horizontally to the
anterior horn cephalad and caudad for a
number of segments, resulting in a pain
spread beyond the bounds of the original
segment involved. Injuries or diseases of the
deeper structures, which in persistence or
healing cause tissue tensions, give rise to

TRIGGER POINT AREA
Cases
Superior Vertebral Angle
of the Scapula ......... 90 (60.0%}
Spinous Process Base ...... 40 (26.6%)
Scapula Verebral Border ... 20 (13.3%)
AMOUNT INJECTED
INTRACAINE B-DIETHYLAMINE ETHYL
r-ETHOXY BENZOATE 2% IN O1L
Total Number of Injections: 254

1.0cc. 14 2.5¢c. 122
2.0¢c. 60 30cc. S8
Cases
1 Injection ............. 95 (63.4%)
Repeat Injections ....... 55 (36 6%)

1 or 2 Injections 129 (86.1%)

In all these cases 1 used 1 per cent
procaine in amounts of 2 to 10 cc., fol-
lowed by Intracaine 2 per cent in oil in
amounts of 1 to 3 cc. There were 254
injections in all. 2.5 ce. of Intracaine was
used in 122 njections, or 49 per cent; 1
njection only was necessary in 95 cases,
or 634 per cent; 1 or 2 injections were
used in 129, or 86 1 per cent, of the cases.

PosTURAL TYPE
Cases

Good ..... ... 29 (19.0%)
Fair ..... . . 48 (33.0%)

Fatigue and Poor ....... 73 (48.0%)
The foregoing shows the general pos-
tural type of 150 pauents. It s a some-
what arbitrary comparison and no doubt
overlaps 1n a number of cases.

chronic impulses to the cord that disturb
the functional pattern of the internuncial
pool of neurens. This cord mechanism is
purely reflex and has not involved the higher
centers, the thalamus or the cortex. T:my
states that the concept of the vicious circle
is a chain of interrelated forces, through the

RESULTs
Cases
Complete Relief ........ .. 85 (56.6%)
Moderate Relief ... . 50 (33.3%)

No Relef ... .15 (10%)
No Patient Was Made Worse
No General Reactions

With regard to the results, T wish to
make clear here that in all cases in which
postural abpormalities were noted, suit-
able physical therapy, both active and
passive, was used persistently. In practi-
cally all cases not relieved by 1 injection
(36.6%), physical therapy modaltties were
employed.

44 DIFFERENT OCCUPATIONS

Housewife ....... 54 Broker ...... 1
Rancher .14 Cameraman ..... |
Salesman .. . 9 Chauffeur . A
Forewoman . . 4 Contrastor i
Office worker . 4 Diefitian .. !
Proprietor ....... 4 Druggist .- .1
Retired person . ... 4 Fisherman . 1
Student «........ 4 Grocer ...o...oee !
Carpenter . . 3 Metal worker ...}
Gardener .3 Mmer ..... .1
Maid . . 3 Packer .. 1
Physician ., . 3 Plasterer .. !
Truck driver . 3 Postman ... 1
Janitor . ... . 2 Prnter.... 1
Musician . 2 Reporter .. i
Nurse .. 2 Roustabout .. !
Plumber . 2 Sculptor ...- 1
Secretary .. . 2 Supervisor . 1
Teacher .. 2 Union boss B
Waitress . 2 Unkpown . . :
Baker ... .1 Veteran ...eeeeet H
Bartender ....... 1 Wnler co.cemeoeee

This shows 44 different occupations.
93, or 69 per cent, in housewives, fanche
ers, salesmen, students, forewomen of
office workers, There were even 2 musi-
cians, I Union boss and 1 bartender-



Rofesences (95

establishment of which the primary disorder
induces a second, which in turn aggravates
the first. The trigger poiat or causal mech-
anism is established, and from this through
cord tal reflex ph new
sources of pain are set up, possibly 2t some
distance away. Treatment attack at the trig-
ger point will interrupt the cord segmental
flow of pain sensation to these reflex areas.

In a period of slightly less than 3 years
in a private orthopaedic office practice [
encountered 150 patients who had trigger
points in the superior scapula area and ex-
hibited pain patterns attributable to the
scapulocostal syndrome.

SUMMARY

In summation may I say that I have at-
tempted to present my experiences with 150
[ tive fected ts in a private
orthopaedic practice over a period of 3
years, These patients all have had positive
trigger points in the scapulovestebral area.
No research other than reading was done.
1 believe that as regards this syndrome, the
time is ripe for controlled experimentation
and fundamental investigation in the field
of histology, propesties and pathology of
fascia and the structures passing through

and adjacent to it. I have postulated the
etiology, the diagnosis and the classification
of the scapulocostal syndrome, which might
be called more accurately a scapulofascial
syndrome, and presented 1 conservative in-
jection method of treatment, along with a
statistical analysis of the number and the
site, the duration, the symptom area, the
trigger point area, the amounts injected,
the postural type, occupation and results.
1 believe that many of the unsolved prob-
lems now facing osthopaedic surgeons can
be solved if they will recognize the scapulo~
costal syndrome, diagnose and treat jt by
whatever modality is most suitable for the
individual patient.
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Syndrome Scapulocostal

Sutnmario in Interlingua

Le presente articulo describe le experi~
entias clinic dél autor con le syndrome
seapulocostal m le curso de un periodo de
tres annos, wvolvente 150 patientes con-
secutive in un private practica orthopedic.
Iste syndrome—primo designate per su pre-
sente nomine per Michele in 1950~—es un
complexo dolente unilateral que involve le
humero ¢ le region scapulocostal con radia-
tion del dolores verso Ie colfo e Ie capite, Ie
muscdlo deltoide, bracio e nrano, e thorace.

11 pare exister duo typos: le typo atrau-
matic ¢ le typo traumatic, Le prime ha un
declaration insidiose inter I¢ etates de 30 ¢

60 annos e occurre con tensiones postural
@ occupational sin historia de trauma, Le
secunde ha un declaration plus acvte e oc-
curre post lesiones a plus juvene etates.
Ambe typos ha acute punctos de precipita-
tion al angule supero-vertebral det scapula
© al base de su processo spinose.

Es postulate que fe etiologia debe esser
vjdite in un complexo resultante de contrac-
tion fascial, irritation necval, e reflexo de
fervo segmental. Omne le spinal truncos
nervose in le nucha passa per fe fascia pro-
funde que es un parte det grande fascia pro-
funde que coperi Ie integre corpore e es
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continue per septos con omne le plus pro-
funde structuras.

Le punctos de precipitation in 86 pro
cento del casos se trova al angulo supero-
vertebral del scapula. Es postulate que iste
facto es explicabile si on considera que iste
area del scapula indura Je plus grande ef-
fortio suspensori super le fascia cervical ¢
le musculos ubi es locate le nervos involvite
in iste dolores de maniera que symptomas
reflexe ab segmentos de chorda es referite
a iste punctos.

Le scapula es un osso suspendite e ar-
ticula con le altere duo ossos que forma le
cinctura scapular, Le musculo deltoide es
attachate a omne tres ossos sed multo plus
al scapula que al alteres. Le musculo delioide
es involvite in 76 pro cento del configura-
tiones dolente—o como region dolorose unic
o0 in combination. Le sol histo commun que
se applica a (e age super) omne le altere
structuras  profunde del collo—cinctura
scapular, musculo, nervos spinal, fasces vas-
cular, e septos intermuscular—es le fascia
profunde.

Le total numero de patientes esseva 150.
Cinquanta-duo pro cento esseva femininas,
48 pro cento masculos. Le latere dextere
esseva involvite in 63,3 pro cento del casos
e l¢ latere sinistre in 36,7 pro cento. Le
procentages de lateralitate pro le duo sexos
esseva practicamente le mesmes, Le etate
median esseva 45,09 annos—pro femininas

46,19 annos e pro masculos 44 annos, Le
procentage de patientes con etates de jnter
30 e 70 annos esseva 80,66. Le duration
median del presentia de symptomas ante le
diagnose esseva octo menses. In 87,3 pro
cento del casos iste duration habeva essite
un anno o minus. Le area symptomatic in-
cludeva le humero in 76 pro cento del casos.
Le area del puncto de precipitation esseva
in le region del angulo supero-vertebral del
scapula in 60 pro cento del casos.

Intracaina a 2 pro cento in oleo in quan-
titates de 2,5 cm?® esseva usate in 49 pro
cento del injectiones therapeutic. Un injec-
tion esseva requirite in 63,4 pro cento del
casos; un o duo esseva requirite in 86,1 pro
cento. Esseva representate 44 occupationes.
Sexanta-nove pro cento del patientes esseva
menageras, rancheros, commissos viagiator,
studentes, e empleatos de bureau. Le resulta-
tos obtenite monstrava alleviation complete
in 56,6 pro cento del casos, moderate grados
de alleviation in 33,3 pro cento, € nulle al-
leviation in 10 pro cento. Modos active ¢
passive de therapia physic esseva usate con-
junctemente,

Multes del non-resolvite problemas de
dolores unilateral del nucha, del humero, ¢
del extremitate superior es resolvibile si nos
recognosce le syndrome scapulocostal €
tracta lo per le modo therapeutic que es'lc
melio applicabile al caso del patiente in-
dividual.
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Problems Related to Prosthesis in Childhood

R. F. CuirTeENDeEN, M.D.¥

INTRODUCTION

One meaning of the word iconoclast has
to do with the breaking down of cherished
ideals or long-revered beliefs. Because we
have suffered for many years from the deter-
rent effect of beliefs about prosthesis in chil-
dren (such remarks as “He is too young,” ot
“He will outgrow it too soom,” or “It isn't
practical at that age”) it seems now that it
would be well for the iconoclasts to step for-
ward and express themselves. There are
many different ways in which this subject
might be introduced. 1t is our basic philoso-
phy that rehabilitation is not merely a word
but a way of life for the incomplete indi-
vidual, attained from within but aided from
without by skiliful guidance, We decry its
use as a verb. We doubt that any therapist
rehabilitates a patient. If you find this a
dsfficult word to define, you will be in a posi-
tion shared by many others, For the adult
amputee I have presumed it to mean that
rehabilitation was synonymous with a sense
of security physically and X d

which the child generally was given alten-
tion relatively late, was put off about limbs
for various excuses that are no longer valid,
and certainly was nor regarded with en-
thusiasm by the Hwmb-maker. It is correct
10 assume that if the prosthetist did not ad-
vise limb-making for young children the
physician was necessarily guided by this at-
titude and consequently deferred recom-
mendation for fitting with the artificial mem-
ber, The scope of the work with children
does not indicate that an all-inclusive pro-
gram has been established. It does mean that
gratifying progress has been made, particu-
farly in the centers already devoted 10 ex-
perimental imb prosthesis and rehabilitation
as it relates to the very young individual.

It is not necessary to review the develop-
ment of artificial limbs. Those who profess
interest in such matters have already told
us that when the warrior-knight of the Mid-
dle Ages survived the loss of a limb, his
armorer constructed a completely articu-

'y

through medical care, first-class hmb fabri-
cation, skiiful physical therapy and good
job counseling and trajning.

There is an established trend toward study
of the special problems of the child amputee.
This represents a very real contrast with the
situaton that has existed heretofore, in

* Consultant to the Child Amputee P

Iated p for him, and examples of
such work are still in existence. The idea of
providing a substitute limb is therefore 2
very old one. Recent efforts to improve such
devices have led more and more to the en-
gineering laboratory. This does not mean
that practical workers in the limb shop have
not produced many interesting and useful

Project, operaied jomtly by the Depariment of
Engi ¢ and the Dep atrics of
the School of Medicine, Medi
of California, Los Angeles.

ol ¥
ical Center, University
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devices ble to the amputee, but it
does mean that the trained engineer is now
seceiving deserved attention for his contri-
butions, with benefit to the entire industey.
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ETIOLOGIC FACTORS

Children need prosthetic aids because of
congenital deformity, trauma and disease.
Disease necessarily includes cancer, vascular
and lymphatic anomalies that produce gro-
tesquely enlarged limbs, infections, and para-
Iytic processes of which poliomyelitis is the
prototype. Trauma looms much larger after
6 years of age, and in situations where there
is proximity to farm machinery. The very
young children whom one encounters in a
prosthesis clinic exemplify either congeni-
tally arrested development or deformity or
both. Before 2 years of age the factors of
disease and trauma are numerically insig-
nificant.

It is of interest to note that no age is too
young for consideration by the rehabilitation
center. We expect to see children selected
for use of experimental prosthesis at a very
early age, and even before that one will wish
to prepare the parents for their role in the
child’s future and, if possible, to reassure
them concerning his or her abilities and
disabilities,

PSYCHOBIOLOGIC CONSIDERATIONS

There are several things that need to be
kept in mind if one is being asked to ap-
proach the problem of the physically handi-
capped child. First of all, in the very young
child, and particularly in some condition
that has been present since birth, the prob-
lem is with the parents and not with the
child, from the psychological standpoint. A
little Iad with an absence of part of one arm
presents his parents with many misgivings
and doubts, and they often blame them-
selves for his condition. They are greatly
concerned about him and his future and they
need much help in attaining assurance about
him and reassurance for themselves.

From the standpoint of biology, very little
is known about these odd arrests in limb de-
velopment. They come very carly in the
growth of the unborn child, and in general
it may be said that major derangements of

structure that are going to resemble ampu-
tations of an extremity must have occurred
before the first 3 months of pregnancy,

The parents are often in good health, with
no history of physical abnormality in either
family, They have 39 chances out of 40 of
bearing a perfectly normal child in a sub-
sequent pregnancy.

The child will function very well with one
good hand, It is difficult to describe any real
handicap, and inspection of his activities at
play time will not reveal much impairment.
The very young child, one may observe, is
not much good at tying shoes or cutting up
meat, whether he has one hand or two.

As has been said before, the child who
has the need to be loved, the hope to be ad-
mired and the ability to respond to dis-
cipline may be regarded as a normat child.
If the parents can meet these needs, they
have provided a basically normal environ-
ment for the child. If they cannot, and are
either rejecting the child or spoiling it by
overindulgence, they will be guiity of con-
tributing to whatever problem the child en-
counters, instead of lessening it.

The difficulties that one finds in dealing
with the parents of the less-handicapped chil-
dren are impressive. If a chid lacks both
arms completely, the acceptance of the fact
of handicap cannot be avoided, and this of
itself has some advantage at the intellectual
level. The child who has underdeveloped
fingers on one hand, by contrast, often ac-
quires a habit of hiding the deformity, and
the parents may indeed connive in this. Also,
they may try to minimize the disability by
saying that the hand is small rather than ac-
cept the fact that the chid has zx]m.osl
no usable normal fingers on the extremity.
By failure to be realistic and by underplay-
ing the significance of the lesion, they may
lay the foundation for certain psychologxcal
complexes,

It is not presumed to be ncccss:u.'y for
the parents deliberately to draw attention to
a physical defect. On the other hand. if itis
noticed, there is no harm in acknowledging
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Fic. 1. Congenital quadruple amputee,
aged 3 years,

its existence, and 1t would be ridiculous to
be evasive about it within the family or with
close friends, We can regard parents as be-
ing secure and well adjusted when they
treat the child well, provide a positive con-
structive program of activities in which the
child participates, follow a considered dis-
ciplinary plan and acknowledge that a
physical problem does exist.

The ultimate consummation of the con-
structive program and the most satisfactory
expression of its components, so far as in-
struction is concerned, are embodied in the
rehabilitation center.

Fia. 2. Amputee with modern functional
arm prostheses.

UPPER EXTREMITY PROSTHESIS
Tre CHiLD FROM 6 10 12

Many problems in upper extremity pros-
thesis have been recognized, but a number
of these problems remain unsolved. The lack
of appeal in the appearance of the function-
ing limb, when the wearer is dressed with
short sleeves, is very well known. Except for
purely cosmetic and almost completely func-
tionless members, no solution has been of-
fered. It may be all right to assume that
when a person has lost both hands the
urgency of the need of replacement is suf-
ficiently great that this individual wilt not
protest cosmetic deficiencies in the artificial
limb. At the same time, if this person is ap-
pearing before the public the need for es-
thetic considerations is derable, and the
hook-type device continues to be forbidding,
vnless one is accustomed to it.

Factors contributing to rejection of pros-
thesis by the one-armed individual include
poor f of the prosthesis, lack of
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tactile sensation, poor appearance and dis-
comfort to the wearer. The more extensive
the amputation, the more difficult the re-
placement, and the factors of diminishing
function become increasingly obvious as we
approach complete absence of the upper
extremity (Figs. 1 and 2).

The hook-type device works fairly well.
It permits prehension of small objects bet-
ter than the gloved hand or simulated fingers,
is rugged enough to stand some abuse, and
it provides a good training medium for the
young amputees. Since the APRL hand is
not generally available in any scaled-down
size that would meet the needs of children
under 12 years of age, the choice in terminal
devices for the 6 year old necessarily lies
between something resembling the Dorrance
hook or some purely cosmetic nonfunction-
ing hand. The chief interest lies in function
for the child amputee, although his ability
to destroy the cosmetic hand must be con-
sidered.

THE INFANT AMPUTEE

Exploration into the possibilities of pros-
thesis for infantile arm amputees has been
attempted more and more frequently. One
child, a bilateral congenital BE, with typical
short below-elbow stumps, at 15 months of
age, was referred to the Prosthesis Clinic in
the Department of Pedjatrics at the Uni-
versity of California, Los Angeles. The pre-
scribing board concurred in the suggestion
that he be fitted with typical BE limbs. This
prosthetic equipment was a conventional BE
with Dorrance hooks, but a “step up” type
of elbow hinge was used on one arm and
omitted from the other. Standard crossed-
over shoulder harnessing was employed, and
it became apparent that this Jad, at 20
months of age, was completely capable of
selecting which ternunal device he wished
to open, and of operating it correctly. It had
been debated from experience with unilateral
BE’s at around 4 years of age that younger
children would or would not operate shoul-
der harness effectively. It would be inter-

esting for us to be able to say that this Jit-
tle boy, before 2 years of age, was quite
skillful in the use of prosthesis, and de-
pendent upon it for feeding himself, and
that he found constant use for it. This is
not true, and it obviously was in his way
for many activities already learned without
prosthetic aids. The fact that he rejected the
limbs much of the time does not, in itself,
justify any conclusions concerning the use-
fulness of prosthesis in young bilaterals.

Since that time we have seen several uni-
laterals at 15 to 18 months of age with upper
extremity artificial limbs, using laminate
constructions, standard harnessing and Dor-
rance terminal devices, in the “baby hook”
category.

No doubt these children will be reported
elsewhere and are mentioned in passing
merely to emphasize the thought that the
way to learn about arm prosthesis in infants
is to practice it.

PROBLEMS OF ACCEPTANCE

The factors concerned in rejection of arm
prosthesis have been referred to already in
this article. The author has under observa-
tion 2 girls aged 13; each was fitted with
well-made limbs employing Jaminates, ¢ach
was given both Dorrance hooks and APR!.
hands, both were exposed to identical peri-
ods of training in the use of the device. There
was about 100% rejection in one child, an‘d
about 95% acceptance in the other. ‘This
would be very confusing if one did not make
a careful study of these 2 children. Let us
agree that initially each wanted an arm; that
these were congenitals; that they were phys-
ically almost exact counterparts; and that they
were living in the same city, There the re-
semblance ends. Our acceptor was able to
list, before limb fabrication was undertaken,
exactly what she thought the limb.would
do for her, and how she could usc it. Qur
“rejector” 1s the product of a hrokcn. l}omc.
has the obvious disadvantage of a disinter-
ested stepfather and a mother who tells her
how badly the prosthesis looks.
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Arm prosthesis for the school gicl leaves
much to be desired, if we are talking about
appearance  of the functioning device.
Whether the patient is an AE or BE does
not make too much difference because the
elbow is rather revealing as to the mechan-
ical nature of the arm substitute, and long
sleeves become a near necessity for “dress
up” accasions, Interchangeability of terminal
devices may lead us in some instances to ad-
vise not less than 2 devices. One of these
will be the hook: the other may be either
the APRL hand or a nonfunctioning *‘purely”
cosmetic one, such as the Realastic hand
offered by Prosthetic Services of San Fran-
ciseo, These “passive” hands can have some
alteration made in the position of the fingers
as regards flexion or extension but are com-
pletely lacking in voluntary control or pre-
hension. This type of hand does represent
a considerable advance in the technics of
skin matching and undoubtedly is the least
forbidding type of substitute, cosmetically
speaking, It will receive favorable considera-
tion by the adolescent amputees when they
ate before the public socially and when they
are in situations where usefulness of a imb
is not 2 consideration. We would prefer to
teach these children the advantage of hook
devices, tty to elicit their co-operation in
accepting them, and minimuize the use of
costly cosmetic devices of no functional
value. However, there will be situations in
which they will be used.

Those of us who advocate functional
prosthesis are pleased with acceptance and
annoyed by rejection, It remains fairly clear,
however, that the girl patient with the short
below-elbow stump will have extreme dif-
fieulty in masking her physical defect except
when wearing long sleeves. We shall deprive
ber of tactile sensation when we apply pros-
thesis, and the degree of function obtained,
nl}hough most helpful in some situations,
Will not enable her to play a stringed in-
strument or become a 2-handed touch typist
and is not a true counterpart of the intact
healthy hand. Therefore, acceptance of arm

prosthesis cannot be taken for granted lzut
must be sought after thoughtfully and with
a well-co-ordinated program. Training and
retraining with repeated exposurc {o other
successful wearess may be important in
achieving successful acceptance.

As regasds trends in upper extremity pros-
thesis, 1 now believe that we shall accept
very young children for experimental ap-
plication of prosthesis; that totally armless
infants will be fitted with elementary coun-
terparts of prosthetic limbs in order to ac-
custom them to restraint and to develop
use of the shoulder girdle musculature; that
small-sized scaled-down counterparts of the
APRL hand will become available that will
offer the child of 6 ta 10 years cosmetically
acceptable functioning prosthesis; that modi-
fied swim-fins will be developed for the spe-
cial needs of the arm amputee, to assist in
aquatic activities.

LOWER EXTREMITY PROSTHESIS
FOR INFANTS AND CHILDREN

Lower extremity prosthesis in the not too
distant past was quite unusual under five
years of age and extremely rare before 3
years. Isolated instances of exception did
not change the general impression that the
very young children and infants were being
allowed to go without limbs. In 1949, there
was under observation a little lad~—a con~
genital bilateral leg amputee — who was
fitted with limbs at 10%2 maonths of age and
began walking at 11 months. His subsequent
very satisfactory progress was reported in
the Crippled Child Magazine (Feb., 1951)
in an article by Dr. Donald Spiers, ortho-
paedist, and Gilbert Motis, of the Northrop
limb research program. Considerable at-
tention has been given to use of boots, pylons
and various experimental limbs serving as
prosthetic aids to infants, The commer-
cial literature in the British Isles now
frankly states that age 1 year is the time
to set these children up with artificial limbs,
an attitude with which, needless to say, we

are in complete agreement. As was pointed
L) S
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tactile sensation, poor appearance and dis-
comfort to the wearer. The more extensive
the amputation, the more difficult the re-
placement, and the factors of diminishing
function become increasingly obvious as we
approach complete absence of the upper
extremity (Figs. 1 and 2),

The hook-type device works fairly well.
It permits prehension of small objects bet-
ter than the gloved hand or simulated fingers,
is rugged enough to stand some abuse, and
it provides a good training medjum for the
young amputees. Since the APRL hand is
not generally available in any scaled-down
size that would meet the needs of children
under 12 years of age, the choice in terminal
devices for the 6 year old necessarily lies
between something resembling the Dorrance
hook or some purely cosmetic nonfunction-
ing hand. The chief interest lies in function
for the child amputee, although his ability
to destroy the cosmetic hand must be con-
sidered.

THE INFANT AMPUTEE

Exploration into the possibilities of pros-
thesis for infantile arm amputees has been
attempted more and more frequently. One
child, a bilateral congenital BE, with typical
short below-elbow stumps, at 15 months of
age, was referred to the Prosthesis Clinic in
the Department of Pediatrics at the Uni-
versity of California, Los Angeles. The pre-
scribing board concurred in the suggestion
that he be fitted with typical BE limbs. This
prosthetic equipment was a conventional BE
with Dorrance hooks, but a “step up” type
of elbow hinge was used on one arm and
omitted from the other. Standard crossed-
over shoulder harnessing ‘was employed, and
it became apparent that this lad, at 20
months of age, was completely capable of
selecting which terminal device he wished
(o open, and of operating it correctly. It had
been debated from experience with unilateral
BE’s at around 4 years of age that younger
children would or would not operate shoul-
der hamess eflectively. It would be inter-

esting for us to be able to say that this -
tle boy, before 2 years of age, was quite
skillful in the use of prosthesis, and de-
pendent upon it for feeding himself, and
that he found constant use for it. This is
not true, and it obviously was in his way
for many activities already Jearned without
prosthetic aids. The fact that he rejected the
limbs much of the time does not, in itself,
justify any conclusions concerning the use-
fulness of prosthesis in young bilaterals

Since that time we have seen several uni-
laterals at 15 to 18 months of age with upper
extremity artificial limbs, using laminate
constructtons, standard harnessing and Dor-
rance terminal devices, in the “baby hook”
category.

No doubt these children will be reported
elsewhere and are mentioned in passing
merely to emphasize the thought that the
way to learn about arm prosthesis in infanis
is to practice it.

PROBLEMS OF ACCEPTANCE

The factors concerned in rejection of arm
prosthesis have been referred to afready in
this article. The author has under observa-
tion 2 girls aged 13; each was fitted with
well-made limbs employing laminates, each
was given both Dorrance hooks and APRP
hands, both were exposed to identical peri-
ods of training in the use of the device, There
was about 100% rejection in one child, :m'd
about 95% acceptance in the other. This
would be very confusing if one did not make
a careful study of these 2 children. Let us
agree that initially each wanted an arm; that
these were congenitals; that they were phys-
ically almost exact counterparts; and that they
were living in the same city. There the e«
semblance ends. Our acceptor was able to
list, before limb fabrication was undertaken,
exactly what she thought the Jimb_ would
do for her, and how she could use it. Our
“sejector” is the product of a broken home,
has the obvious disadvantage of a disinter-
ested stepfather and a mother who tells hes
how badly the prosthesis looks.
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Arm prosthesis for the school girl leaves
much to be desired, it we are talking about
appearance of the functioning device,
Whether the patient is an AE or BE dogs
not make too much difference because the
elbow is rather revealing as to the mechan-
ical nature of the arm substitute, and fong
sleeves become a near necessity for “dress
up” occasions. Interchangeability of terminal
devices may lead us in some instances to ad-
vise not less than 2 devices. One of these
will be the hook: the other may be either
the APRL hand or a nonfunctioning “purely”
cosmetic one, such as the Realastic hand
offered by Prosthetic Services of San Fran-
cisco. These “passive” hands can have some
alteration made in the position of the fingers
as regards flexion or extension but are com-
pletely facking in voluntary control or pre-
hension. This type of hand does represent
a considerable advance in the technics of
skin matching and undoubtedly is the least
forbidding type of substitute, cosmetically
speaking. It will receive favorable considera-
tion by the adolescent amputees when they
are .before the public socially and when they
are in situations where usefulness of a limb
is not a consideration. We would prefer to
teach these children the advantage of hook
devices, try to elicit their co-operation in
accepting them, and minimize the use of
costly cosmetic devices of no functional
value. However, there will be situations in
which they will be used

Those of us who advocate functional
prosthesis are pleased with acceptance and
amnoyed by rejection, It remains fairly clear,
however, that the girl patient with the short
below-elbow stump will have extreme dif-

ficulty in masking her physical defect except
when wearing long sleeves. We shall deprive
her of tactile sensation when we apply pros-
thesis, and the degree of function obtained,
al.though most helpful in some situations,
will not enable her to play a stringed in-
strament or hecome a 2-handed touch typist
and is not a true counterpart of the intagt
healthy hand. Therefore, acceptance of arm

prosthesis cannot be taken for granted but
must be sought after thoughtfully and with
a well-co-ordinated program. Training and
retraining with repeated exposure to other
successful wearers may be important in
achieving successful acceptance.

As regards trends in upper extremity pros-
thesis, ] now belicve that we shall accept
very young children for experimental ap-
plication of prosthesis; that totally armless
infants will be fitted with elementary coun-
terparts of prosthetic limbs in order to ac-
custom them to restrainit and to develop
use of the shoulder girdle musculature; that
small-sized scaled-down counterparts of the
APRL hand will become available that will
offer the child of 6 to 10 years cosmeticaily
acceptable functioning prosthesis; that modi-
fied swim-fins will be developed for the spe-
cial needs of the arm amputee, to assist in
aquatic activities.

LOWER EXTREMITY PROSTHESIS
FOR INFANTS AND CHILDREN

Lower extremity prosthesis in the not 100
distant past was quite unusual under five
years of age and extremely rare before 3
years. Isolated instances of exception did
not change the general impression that the
very young children and infants were being
allowed to go without limbs, In 1949, there
was under observation a little lad—a con-
genital bilateral leg amputee — who was
fitted with limbs at 10%2 months of age and
began walking at 11 months. His subsequent
very satisfactory progress was reported in
the Crippled Child Magazine (Feb., 1951)
in an article by Dr. Donald Spiers, ortho-
paedist, and Gilbert Motis, of the Northrop
limb research program. Considerable at-
tention has been given to use of boots, pylons
and various experimental limbs serving as
prosthetic 2ids to infants. The commer-
cial literature in the British Isles now
frankly states that age 1 year is the time
to set these children up with artificial limbs,
an attitude with which, needless to say, we
are in complete agreement. As was pointed
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out, the advantages to the child, physically
and mentally, and to the parents, outweigh
any of the deterrents. The factors that worked
against getting children fitted with limbs
have included lack of precedent for this age
group, clumsiness of conventional materials,
apprehension concerning the effect of rapid
growth on proper fitting, and a disregard of
the psychological importance of getting the
child waiking at an early age. From a pedi-
atric point of view our concern is with the
whole child and with whatever might help to
make him complete and functional in com-
petition with other children of the same age.
1t is gratifying to see children walking alone
with prosthetic aids that could nat possibly
have attained that goal at 14 months of age
without them. Skilled therapists presumably
could keep joints from developing contrac-
rures and build tone in muscles for children
who are going without limbs—but actually
one may obviate the need for such therapy
and still conserve our physical therapists for
more critical areas of endeavor by early use
of prosthesis. The parents, too, will be very
grateful.

PROBLEMS OF ACCEPTANCE (DESIGN)

The older girl amputees have been utter-
ing objections to the prosthetic ankle and
limb surface for many years. Many attempts
have been made to construct an ankle that
functions well and at the same time presents
a good appearance under nylon hose and
with pumps or flat shoes. Already these
attempts have been rewarding, and we ex-
pect to see further improvement that will
almost completely eliminate any notch or
groave at the foot-ankle junction above the
instep. Limb surfaces are now very often
resiient, and improved coloring has been
obtained for the shin section. As we sug-
gested some time ago, in the 10 to 15 year
age group, saddle shoes, ankle socks and
tubber base paint to the shin piece sur-
faces give a very reassuring and pleasant
appearance to the legs of girl amputees. At
15 years and older the wish to wear pumps

and the need to escape from bobby-socks
at times will make the need for an almost
perfect ankle very apparent. The idea of
formed toes with nails for the prosthesis
seems to be an obvious further refinement
for the prosthetic foot, and some pros-
thetists have obliged their girl customers
with some ingenious woodcarving. It has
occurred to the author that perhaps 8 or
10 stock sizes of the forefoot would cover
the needs of 90 per cent of the patients and
could be formed from tough plastics with
skiliful simulation of toes and nail structure.

In recent years the suction socket limb
has gone from the novelty category into the
classification of being the most frequently
accepted prosthetic device for the above-
knee child amputee. Included in successful
user reports are children as young as 20
months of age, children with stumps 4 i.nches
in leagth, and others, that have cons[xtu{ed
pleasant surprises. The fact that some -
dividuals do not wear this type of Jimb with
success does not change the feeling abfml
its general acceptance. Reports of suction
socket developments for below-knee ampu-
tees continue to be made, and devices have
been registered or patented covering that
field. The author’s personal experience with
BK suction limbs in children does not place
him in a position to make any comment
upon them, but he would like to see .Sl.JCh
Jimbs used experimentaily in the rehabilita-
tion centers.

Children who completely lack a fower ex
tremity may be able to make use of l.hc
device reported by Dr. Charles Hutter, with
the saucer-type socket. It is apparent lha;
this type of sacket permits attachment 0!
the limb in simpler fashion than the usual
tilting table device and adapts itse.lf'to more
natural sitting postures than the tifting table
limb. "

Very sincere attempts have been mnh-
to provide better kick mechanisms for 1 j
AK limb, as was reported by Cmmnis’ an
others. The use of hydraulic plunger-piston
accessaries has been attempted both here
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and abroad and undoubtedly deserves fur-
ther attention. We nre not aware of hy-
draulic-cquipped limbs being used in chil-
dren, but no doubt they would be applicable
to the larger 12 yrar olds.

GROWTH FACTORS
AND THE CHILD AMPUTEE

The factors that tend (o Jessen the adverse
effects of growth in child amputees include
the following: (1) The greatest growth oc-
curs in the first year of life, and prosthesis
is not needed before the close of that period.
(2) Total anticipated finear growth is not
a reliable guide to the problem, because
growth in the bead, the neck and the trunk
does not contribute in any way o the dif-
fieulties. (3} In the affected portion, only
the corresponding segments need be consid-
ered, because with few exceptions, remain-
ing functioning epiphyses in the amputated
extremity still operate to reduce the dispro-
portion between affected and unaffected ex-
tremities. (4) 1t is possible to care for a
little inequatity in leg length by tilting the
pelvis. {5) Some attention to the use of a
“BiL" either within or outside the shoe, can
be used ¢o correct a small disproportion
between prosthesis and intact leg.

Upper extremity prosthesis is less of a
problem couceming growth, although close
supervision is desirable for all amputee chil-
dren m order to ensuse perfect fitting with
prosthetic devices,

. 1t is unfortunate that very few amputated
timbs are end-bearing, and the distal teert-
nation of the stump must be relatively free
in the Iimb socket. This means, for a tgh
ampatee, that a functioning capital femoral
epiphysis praduces growth in the stamp only
n terms of carrying it deeper into the limb
socket of the artificial member and does

tothing to help mawtain alignment between
the { and the p d sides.

Expetience shows that the difficulties of
k‘j—\’-p‘mg an active 2 year old nicely fitted
V{llh prosthesis for leg amputation ace con-
siderable but not insurmountable, and the

advantages to the child appear to ontweigh
other considerations by a clear margin.

AMPUTATION FOR DEFORMITY

One subject intimately refated to the prob-
Jem of lmb prosthesis deserves more
thoughtful attention than it has received.
This is the policy of avoiding amputa-
tion or deliberately procrastinating defini-
tive surgery in a patient presenting 2
fimb that has an ultimately bad prognosis
for appearance and function. When ex-
tremely rudimentary development is present
in the femur, for example, one need not wait
endlessly in order to farecast that the foot,
if present on the affected side, is poing to lie
at about the level of the knee on the unaf-
fected side. Reconstructive surgery, important
though it niay be, does not offer much to this
patient. Walking may begin at 14 months of
age with a modified long leg brace in which
the foot and the deformed limb are laced
into a “jacket” that takes most of the weight
and may almost obviate the need for ischial
seating in some instances. This type of de-
vice is purely functional and is cosmetically
poor. Confinuation of the wse of this pros-
thetic substitite year after year because it
is a good weight-bearing device and because
it avoids any imuwediate need for surgery,
and because it stimulates acetabular growth
and hip joint formation, should not lead us
1o overlook the factors that make many of
us wish to reject this type of apparatus in
later childhood. The factor of psychic trauma
is not a minor one. In some instances 2 poor
decision or no decision may be most adverse
to the well-being of the individual. This
brace-prasthesis stamps one as crippled, pas-
ticularly the girls, since it can be seen. If
the foot Yies at the level of the knee or im-
mediately distal to it, the use of conventional
artificial limb beconmes practicatly impossible.

Recently the author has seen a girl of 16
years with a congenitally deformed right
femur who has a good hip joint on the af-
fect.ed side. AR that one can see in place of
a right leg, when she is dressed for schoaol,
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out pubescence and still was sustaining the
same increment 3 years after puberty, at a
time when lincar growth generally has *ta-
pered off” in most female chifdreen, If we plot
lincar growth against age in years, then we
obtain a straight line for the period of ob-
servation, from several years before pubes-
cence until several years after pubescence,
which is unexpected in terms of bodily
growth, Is this therefore a counterpart of the
overgrowth seen in ostcomyelitis, and how
often does it occur? We are well aware that
in this same limb atrophy of the end of the
bone has occurred and that the atrophy of
hip joint on the affected side has resulted in

AMPUTEE TiBlA=m—==mmmmmom
(FROM SERIAL ROENTGENOGRAM
MEASUREMENTS)
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an undersized femoral head. Thus, we may
conclude that overactive epiphyses and un-
derdeveloped bony structure may coexist, at
Ieast in some amputee individuals, (Fig. 4.)

The second subject is underdevelopment,
which may be illustrated by the condition of
the upper portion of the shaft and of the
heads of the femora in a little boy; he was
AK left and BK right from bisth and walked
on artificial limbs from the age of 11 months.
At five years of age, in spite of constant use
of the lower extremities in a very active
little lad, we find that both upper femora
are underdeveloped and that the comparison
of his films with those of a child a full year

~-FEMALE

------ PUBERTY (FEMALE)

15 18 21

Fie. 4. Graph illustraung growth in fragment of tibia in girl leg
amputee. Comparison with growth curves for linear body increment.
One may note that i this patient there was no tapering off in growth
pattern of the tibial growth increment in the period of observation.
Menses i this patient began at 10 years and 10 months of age.
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Fic 3. 17-year-old gul with brace for
short femur.

is 2 metal bars terminating in a round pad
about 3 inches in diameter. Cosmetically,
this is on a par with Captain Ahab’s peg
leg, and when she is seated, since knee lock
has been omitted, it must necessarily pro-
trude in front of her, for everyone to see or
to fall over. The orthopaedists are delighted
that although she has worn this for 14 years,
her hip development on the affected side was
approximately identical with the unaffected
one, (Fig. 3.) She has requested amputation,
hoping that a standard suction socket pros-
thesis can be provided for her With the
new arrangement all weight-bearing would
be transferred to the tissues subjacent to
the ischium We may then ask, of what great
benefit is the well-developed femoral head
and acetabulum since 1t is not to be used
in weight-bearing with the new prosthetic
set-up? A somewhat immature hip is not a
“bad™ hip from the standpoint of wearing
an artificial limb and does not interfere with
wearing a suction socket limb. The traumatic
abeve-knee amputec who experienced am-

putation in early childhood has at puberty
an underdeveloped femoral head and an im-
mature femoral fragment. This has not
proved to be any handicap, in the author’s
himited experience, in the fitting or the use
of a suction socket hmb, since the successful
use of the prosthesis depends on range of
motion and muscular development and not
on the complete development of the bony
architecture of the hip joint per se. This
child would have had, we may presume, a
much less difficult school experience if she
had been amputated at 9 years of age, in-
stead of 16. As has been said before, the
child of 12 to 14 years is perhaps more
anxious to present a good appearance, of 4
conforming appearance in relation to school-
mates, than any other age group we ef-
counter.

One need not be led to the assumption that
cosmetic and functional problems in congeni-
tal deformity cases are solved most fre-
quently and easily by early amputation of Ih.E
less useful portions of the affected limb. It is
also true that no problem is solved by allow-
ing a child to retain, year after year, an un-
sightly limb and an awkward and Eoorly
fitting prosthetic device when the }ﬂhma‘e
choice is still going to be ampumnon_and
fitting with a well-chosen artificial limb.
Therefore, let us apply considered judgment
to the individual case and remember what
has been accomplished by judicious use of
true surgical amputation.

PROBLEMS FOR FURTHER STUDY

Several matters related to growth and de-
velopment in the child amputee deserve aX
tention from the standpoint of research.
review of serial roentgenograms over a 10-
year period may give us answers 10 mane:
that at present are entirely nebulous. Onc'h !
these refers to overgrowth or Pyper(mp Y
1 an amputation stump One series of rocn:
genograms on a gl amputee who becnm: :
BK through trauma at 14 months of (S-
shows that linear growth in the tibial rmg'
ment procccdcd at a uniform rate throug
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out pubescence and still was sustaining the
same increment 3 years after puberty, at a
time when linear growth generally has “ta-
pered oft” in most female children. If we plot
linear growth against age in years, then we
obtain a straight Jine for the period of ob-
servation, from several years before pubes-
cence until several years after pubescence,
which is unexpected in terms of bodily
growth, Is this therefore a counterpart of the
overgrowth seen in osteomyelitis, and how
often does it occur? We are well aware that
in this same limb atrophy of the end of the
bone has occurred and that the atrophy of
hip joint on the affected side has resulted in

AMPUTEE TIBlA—=—-~
(FROM SERIAL ROENTGENOGRAM
MEASUREMENTS)

.

3 6 9

an undersized femoral head. Thus, we may
conclude that overactive epiphyses and un-
derdeveloped bony structure may coexist, at
least in some amputee individuals. (Fig. 4.)

The second subject is underdevelopment,
which may be illustrated by the condition of
the upper portion of the shaft and of the
heads of the femora in a little boy; he was
AK left and BK right from birth and walked
on artificial limbs from the age of 11 months.
At five years of age, in spite of constant use
of the lower extremities in a very active
little lad, we find that both upper femora
are underdeveloped and that the comparison
of his films with those of a child a full year

—PUBERTY (FEMALE)

12 15 18 21

FiG. 4. Graph illustraung growth in fragment of tibia in girl leg
amputee. Comparison with growth curves for linear body increment.
One may note that i this patient there was no tapering off in growth
pattern of the tibial growth increment in the period of observation,
Menses in this patient began at 10 years and 10 months of age. ’
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younger suggests that our patient is even less
mature. This implics a lapse or retardation
of about 2 years, which at 5 years of age is
a very real disturbance, (Fig. 5.)

A 3rd topic in relation to growth and de-
velopment concerns the need for study of
the details of retardation pattern exhibited
by unilateral congenital arm cases. The be-
low-elbow cases not infrequently reveal un-
derdevelopment in the supposedly unaf-
fected segments, as for example in the upper
arm of the affected limb. The question arises
as to how much of this developmental ar-
rest ot retardation is from lack of use and
how much is from an inherent lack of de-
velopment due to congenital anomaly per se,
that is to say, from genetic variation or in-
trinsic defect in limb structure on a con-
genital basis. It has seemed likely that com-
parison with teleoroentgenograms of post-
polios that had acquired the disease severely
in early infancy might give a lead toward
answering this question, since we may pre-
sume that all the growth changes seen in the
polio patient are due to acquired factors.
Another interesting question is the nature of

the anatomic detail of the defective segment,
as in the BE stump, What muscles are pres-
ent that correspond to the “normal” fore-
arm? What are the muscles, the nerves and
the vascular elements like in the area sub-
jacent to the terminal portion of this limb?
1 have no presumption as to what the an-
swer will be, but it does seem that studies
could be directed to these subjects that might
be rewarding to any interested physiologist,
anatomist or orthopaedic surgeon.

Some considerable attention has been di-
rected in the past several years to function-
ing braces for orthopaedically handicapped
individuals. Because the patients are not
amputees, this field lies outside the immedi-
ate scope of limb prosthesis but has a con-
siderable overlap in technics and function
objectives with those employed by the pros-
thetist serving the amputee. The totally flail
upper extremity, like the total absence of an
arm, or a forequarter amputation, Jemains
a very challenging problem as regards res-
titution. Reports continue to appear in'which
prosthetic aids have been devised to impart
function to totally flal upper extremities.

2 ems 2 en.
h
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Fic. 5 Roentgenographic tracings of upper femora of amputee and xl;’tncl
child. (Left) Amputec (congenital) aged 42 years, below hnee and a ov;c
knee, Walking with prostheses since 11 months of age. (Right) Intact maic

child aged 3!: years, No orthopaedic defect

of age.

Walking since 12% months
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Some of these devices are so nearly com-
plete that one has the impression that the
sffected arm might as well have been left out
of the device, and the prosthetic aid sct up
beside the paticnt to accomplish feeding or
other acts by itsclf, under the paralyzed in-
dividual’s control, but without incorporating
his paralyzed extremity in its harness, More
obviously successful use of prosthetic aids
occurs where a hand has function but cannot
be raised, or where the converse is true, in
which the arm can be moved but the hand
has po prehension. Devices applicable to
these situations have been marketed, such
as “Robin Aids” and others described in
the literature, or as Jisted in the bibliography
under Kent and Thompson.

Tt is very unfortunate that any child should
come into this world with 2 or more extrem-
ities absent. Somcone wilt say that it is
doubly unfortunate that this child should
survive with that degree of handicap. After
a time this becomes very much aside from
the point, since the child is surviving and

who lost both fegs above the knee and even-
tually was able to derive considerable pleas-
ure from ice-skating. He did not know that
cven unifateral thigh amputees are not sup-
posed to be ice-skaters,

The amputec individuals constitute a
numerically significant group. It can be es-
timated statistically that in a community
with 9,000 postpolios needing rehabilitation
there would be about 9,000 cercbral palsy
cases in need of therapy care, and that this
same community would have 14,000 ampu-
tees,

It was estimated that in 1955 the number
of newborns would reach 5 million for thz
first time in our natjon’s history. This would
lead us to expect that 1,760 children would
be born in the United States with one or
more limbs missing, to be added to our case
load in that single year. The very youngest
individuals are now receiving attention in
the rehabilitation centers and observation
in early infancy is no longer out of place.

Emnh

deserves every possible attention in diminish
ing its disability and in helping it to adjust
to a difficult physical sitnation.

DISCUSSION

There is no meluctable need for the word
normal. The author considers it a2 bad ap-
proach to address oneself to the parents of a
child with a missing limb, saying, “In the
normal child things are thus and so, and in
your child this is going to be true ™ If the
child in question fulfills all orher criteria of
normaley, the missing limb should not be
an excuse for setting him aside from his
fellows. The ability of the individual to sur-
mount difficulties and to rise above the re-
Strictions supposedly imposed by physical
lxrfumions is no less remarkable than the
fa{lure of some of us to overcome very
Minor handicaps. Often it has been repeated
that the bumblebee, from the standpoint of
acrodynamics, should be unable 1o fly; its
Wings are too small, its body too blunt and
heavy. 1 am thinking about a young man

Emphasis on the use of laminates and plastic
materials and better metals as well as the
use Of engineering methods in testing and
limb fabrication, which was urged in our
previaus articles, has continued to prove its
value and is gaining acceptance.

SUMMARY AND CONCLUSIONS

Problems in the amputee child have been
reviewed from the point of view of etintogic
and psychobiologic factors. Emphasis has
been placed on upper extremity prosthesis
in the older child and its role in the care
of the infant patient. The acceptance of the
artificial limb has been shown to be de-
pendent upon many factors, which Iead one
to urge psychological preparation of the pa-
tient and his family, and the use of a well-
guded training program.

The problems of growth and elsctive am-
putation are discussed. Children are gen-
erally adaptable and compensate for very
bizarre handicaps. A strong competitive urge
makes them good subjects for rehabilita-
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tion and provides that necessary quality
called “motivation.” The young child, in con-
trast with some maimed adults, will strive
very hard to keep up with or outdo his more
fortunate playmates. Therefore, the work
with children continues to be exceptionally
rewarding.
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Problemas de Prosthetica in Juveniles

Surmmario in Interlingua

Iste articulo reporta le presente tendentias
in le prosthetica pro infantes e juveniles Illo
sublinea le problemas del amputato infantil
¢ juvenil ab le puncto de vista del etiologia
del deformitates, del importantia psycho-
logic de iste conditiones pro le parentes, ¢
del conditiones sub que adjutas prosthetic
es utilisate. Attention es prestate al infante
con amputation brachial, al factores que

conditiona le rejection del prosthese, al ne-
cessitate del prompte application de adjutas
del extremitates inferior, ¢ al factores de
crescentia ¢ disveloppamento in amputatos.
Mention es facite del amputation prcco;c
como adjuta in obtener meliorvproslhcscs e
gamba e del apparatos functional pro :{x!-
tremitates torpide m relation al campo de!
prosthetica.
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Roentgenologic investigation has opened
a new field of research and study based on
the ability to carry out observations on
anomalies and variations of the skeletal sys-
tem, a field which previously belonged al-
most exclusively to the anatomist.

It is not infrequent to perform a roent-
genographic examination on individuals who
are said to have established disturbances
and to find a previous report of a skeletal
anomaly which frequently has no relation
to the presenting symptomatology.

We have had the opportunity to examine
the roentgenograms of persons of both sexes
and of varying ages who visited a specialist
because of localized disturbances of the knee
joint, and we have found varying degrees
of variations in the morphologic develop-
ment of the intercondylar eminence or the
tibial spine.

As is known, the intercondylar

of connection between the tibia and the
femur.

The tibial spine takes origin from the
secondary superior epiphyseal nucleus of
the tibfa which appears during the last 2
months of intra-uterine life. The elevation
of the tibial spine appears at about the age
of 2 years and gradually assumes the de-
scribed quadrangular form as ossification
progresses. Therefore, various degrees of
morphologic variation can arise, related to
anomalies in development. A review of the
medical literature reveals that not a single
author has investigated this subject spe-
cifically.

Only a2 German author, Bauer, maintains
that there is a relationship between the form
of the intercondylar eminence and the height
of the articular rim with the specific purpose
of securing an equilibrium at the joint. In-

fepresents a small stubby fold located at the
junction of the posterior third with the two
anterior thirds of the tibial plate and extends
Into twa elevations, the tubereles, one medial
and one lateral. The intercondylar eminence
assumes particular jmportance because of
Its anatomic relationship with the cruciate
ligaments which have their msertion in it.

ese ligaments constitute the most impor-
fant means of stabilization of the knee and
_—

P ;Frgfn the Istituto Ortopedico Toscano “Piero
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deed, he beli that all persons who mani-
fest disturbances of the knee joint in whom
one cannot find any definite disease may be
assumed to have a change in the normal
articular equilibrium which is symptomati-
cally silent but radiologically well evident
because of the altered relationship between
the form of the tibial spine and the size of
the joint space. Bauer had the opportunity
to examine a significant number of roent.
genograms and thus was able to study the
variations in form of the imercondylar emi-
nence, He subdivided these variations into
3 main groups.
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tion and provides that necessdry quality
called “motivation.” The young child, in con-
trast with some majmed adults, will strive
very hard to keep up with or outdo his more
fortunate playmates. Therefore, the work
with children continues to be exceptionally
rewarding.
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Morphologic Variations of the Intercondylar
Eminence of the Knee

Bruno Giorgt, M.D.*

Roentgenolagic investigation has opened
a new field of research and study based on
the ability to carry out observations on
anomalies and variations of the skeletal sys-
tem, a field which previously belonged al-
most exclusively to the anatomist.

It is not infrequent to perform a roent-
genographic examination on individuals who
are said to have established disturbances
and to find a previous report of a skeletal
anomaly which frequently has no relation
to the presenting symptomatology.

We have had the opportunity to examine
the roentgenograms of persons of both sexes
and of varying ages who visned a specialist
?e.cause of localized disturbances of the knee
jomt, and we have found varying degrees
of variations in the morphologic develop-
ment of the intercondylar eminence or the
tibial spine,

As is known, the intercondylar eminence
fepresents a small stubby fold located at the
Junction of the posterior third with the two
anterior thirds of the tibial plate and extends
1010 two elevations, the tubercles, one madial
and one lateral. The intercondylar eminence
assumes particular importance because of
s anatomic relationship with the cruciate
hgamen?s which have thewr insertion in it.
m;se ligaments constitute the most impor-

means of stabilization of the knee and
e
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of conncction between the tibis and the
femur.

The tibial spine takes origin from the
sccondary superior epiphyseal nucleus of
the tibia which appears during the last 2
months of intra-uterine life. The elevation
of the tibial spine appears at about the age
of 2 years and gradually assumes the de-
scribed quadrangular form as ossification
progresses. Therefore, various degrees of
merpholagic variation can arise, related to
anomalies in development. A review of the
medical literature reveals that not a single
author has investigated this subject spe-
cifically.

Only a German author, Bauer, maintains
that there is a relationship between the form
of the intercondylar eminence and the height
of the articular rim with the specific purpose
of securing an equilibrium at the joint. In-
deed, he believes that all persons who mani-
fest disturbances of the knee joint in whom
one cannot find any definite disease may be
assumed to have a change in the normal
articular equitibrium which is symptomati-
cally silent but radiologically well evident
because of the altered relationship between
the form of the tibial spine and the size of
the joint space. Bauer had the opportunity
to examine a significant number of roent-
genograms and thus was able to study the
variations in form of the intercondylar emi-
nence. He subdivided these variations into
3 main groups.
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e e

Fra. 1.

Roentgenogram of normal knee of an adult. The intercondylar cminence

appears normal in its anatorme profile with the tubercles standing out prominently,

almost symmetrically.

The first variation which he believes is
the most frequent one is characterized by a
more prominent development of the medial
intercondyloid tubercle as compared with the
Iateral tubercle.

In the second variation, the development
of the 2 tubercles is about equal in height.

The third variation, which according to
that author is the least common one, is
characterized by a relatively greater height
of the lateral tubercle. This variation, ac-
cording to Bauer, is found especially in joints
most markedly deformed.

Our studies of the variations in form of
the tibial spine have been carried out by re-
viewing the roentgenologic case material of
the Orthopedic Clinic of Florence.

We have e d 2,500 s
of the knee of indiwviduals of both sexes, of
young age, without signs of arthroses which
in themselves could be responsible for struc-
tural changes. These patients had come for

grams

outpatient visits or had recovered from vari-
ous joint disturbances. Our investigation was
based exclusively on an examination of the
radiologic findings, purposely 1gnoring the
historical and clinical data.

We have taken into consideration onl)’
those roentgenograms which manifested vari-
ations in the form of the normal intercon-
dylar eminence such as is represemed in
Figure 1. '

In this way we have been able to establish
sufficiently significant variations which we
then were able to classify according to the
following scheme (Fig. 2):

1. Anomaties characterized by a total of
partial overgrowth
A. General hyperplasia
B. Hyperplasia of the medal inter-
condylar tubercle
C. Hyperplasia of the lateral inter-
condylar tubercle
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FiG. 2. Scheme of morphologie variations of the intercondylar eminence of the knee:
{AY normal intercondylar emmnence; (B) total hyperplasia of the intercondylar emi-
nence; (C) hyperplasia of the medral wntercondylar tubercle; (D) hyperplasia of the

lateral meercondylar tubercle, (E) hypaplasia of the intercondylar eminence; (F) aplasia
of the intercondylar emmence,
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F16. 3. April 4, 1954: Football (soccer) player, aged 24. Trauma to the left knee with
locking of the knee in flexion. Physical examipation: Left knee held in moderate
flexion, swollen, tender to direct pressure on internal aspect of joint capsule. Extension
not possible. No lateral movement. Roentgenographic examination revealed no osseous
lesions. It was noted that the tibial spine was lly prominent with both 1

protruding well into the femoral intercondylar space. The diagnosis of a torn internal
meniscus was made, The patient was operated on, the meniscus was removed, and

there was complete recovery.

2. Anomaligs characterized by defective
development
A. Hypoplasia
B. Complete aplasia
Among the anomalies of excessive growth,
the first variation is characterized by a
greater development of the intercondylar
mass with an abnormal and about equal
prominence of the two intercondylar tuber-
cles protruding into the intercondylar space
of the femur (Fig. 3).
The second variation is characterized by
a partial dysmorphism of the tibial spine
manifested by abnormal development of the
medsal intercondylar tubercle which is ex-
cessive as compared with the lateral (Fig
4).
In the third variation one encounters an
anomaly characterized by an abnormally

prominent development of the lateral {u-
bercle (Fig. 5).

On examining the anomalies character-
ized by defective development we have noted
that in the first subgroup a flattening of the
tibial spine is found with both tubercles
definitely distinguishable jn their contour
but barely elevated (Fig. 6).

The second anomaly in this group rep-
resented by a single case was characterized
by complete agenesis of the intcrcondy}nr
elevation with a flattening of the superiof
surface of the tibial epiphysis without the
slightest suggestion of bony elevation (Fig.
7).
Theoretically, this classification should be
completed with cases of hypoplasia of one of
the two tubercles. However, such a variation
has not been encountered in our case M3~
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b . } B
Fic. 4. March

o 7.

22, 1955: Female student, aged 17, Torston wnjury to the left knee

while skiing. Physical examination: The left kace appears to be normal in its contour.
Moderate pain expericnced on direct pressure on the region of insertion of the medial
collateral tigament. Extension of the knee is not possible for about 10°. Flexion s pos-

sible to its full extent. No lateraf r

oent h ion failed to

8 P
reveal any osseous lesions, Greater development in hesght of the medial than of the
Iateral intercondylar tubercle is noted. The dimgnosis of a mild sprain of the knee was
made. Treatment with rest alone resulted in complete recovery.

tetial, From the various groups of anomalies
we have selected the most characteristic
cases of morphologic anomalies and have
studied the clinical data of these cases.

1t was found that of 5 individuals in whom
roentgenologic  examination revealed an

present the disturbances that originated in
infancy without an apparent cause had be-
come progressively severe. No traumatic fac-
tors had intervened which could have modi-
fied the course.

After these facts were established, thé

a 1y, 4 had pr d ¢t lves for ex-
amination as the result of trauma which
had occurred shortly before. Therefore, the
Bnding of an anomaly was considered to be
Coincidental, This conclusion was also con-
firmed by the fact that once the responsible
factor was ehminated all symptoms disap-
peared and complete recovery ensued. How~
oer, the case of complete aplasia of
the tbial spin presented a different picture.
In the patient in whom this anomaly was

genital absence of the tibial spine as a
factor responsible for painful symptoms was
taken into consideration. Indirect proof of
this assertion was seen in the fact that the
oppasite knee presented a pormal anatomic
configuration and gave rise to no functional
disturbances. From a clinical point of view
the right knee showed a phenomenon of
particular interest, namely, an abnormal mo-
bilty in the anteroposterior direction which
was very marked (“drawer movement”),
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Fig. 5. June 3, 1953: Female farmer, aged 31. Contusion injury to the right knee.
Physical examination: The right knee moderately swollen. No particular signs of pain.
Flexion and extension movements ar¢ greatly Iimited. Roentgenographic ¢xamination
failed to reveal the presence of any osseous lesions. Hyperplasia of the lateral inter-
condylar tubercle, as compared with the medial tubercle, was noted. The patient re-
ceived a course of physiotherapy with regression of the symptoms described.

This finding, in addition to demonstrating
that the feeling of wstability complained of
by the patient corresponded to an actual
alteration of the mechanical condition of the
knee, also suggests the possible relation of
the absence of the tibial spine to a probable
congemtal alteration in the cruciate liga-
ments. Therefore, we hold that the cruciate
ligaments in this case probably showed
changes either as to their site of insertion
or in their configuration. One could not ex-
plain otherwise the finding of marked liga-
mentous relaxation, provided that the liga-
ments were intact. Anatomic confirmation
of such a hypothesis could have been fur-
nished only by an exploratory arthrotomy
which, however, was not performed be-
cause the indications were lacking.
Concerning Bauer's claim as to an exist-
ing reciprocal relationship between  the

height of the articular rim of the knee and
morphologic variations of the tibial spinc
and the presence of a hyperplastic lateral
intercondylar tubercle recognized by him in
joints in which were noted severe signs of
dysmorphism, we have not been able in our
studies to find such relationships

From the standpoint of descriptive roent-
genology we have found that, as a rule, the
malformations are seen better in roentgeno-
grams taken mn the anteroposterior than in
the Jateral projection.

CONCLUSIONS

Concerning morphologic anomalies of the
tibial spinc we have found that numerous
variations in form mdeed exist which in the
vast majority of cases are of smalf magnitude
and of no sigmificance and therefore may be
considered as normal. However, in a small
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Fia. 6. March 30, 1955: Female student, aged 18. Torsion injury to the left knee,
Physical examination: Left knee swollen with signs of marked twisting of the joint, Pain
felt on direct pressure on the msestion of the medial collateral ligament; exaggerated by

bringing the hnee into the valgus p

.
aphic
(=4

failed to

reveal the presence of osscous lesions.

R
A morphol:gic variation of the tibial spine in

the form of hypoplasia was noted. The

knee p d similar findi The

P &
diagnosis of sprain of the knce was made, and a plaster cast was applied with resulting

secovery,

number of cases, the variations take on char-
acteristic appearances and can be classified
as follows:
1. Hyperplasia of the tibial spine
2. Hyperplasia of only the medial tu-
bercle
3. Hyperplasia of only the lateral tu-
bercle
4. Hypoplasia of both tubercles
3. Complete aplasia of the tbial spine
On the basis of our clinical observations
the anomalies characterized by hyperplasia
and hypoplasia do not cause alterations in
the mechanics of the knee joint productive
of symptoms. Complete aplasiz which, as

we have stated, probably is associated with
a morphologic and functional alteration of
the cruciate ligaments is the cause of ab-
normal mechanical relationships which can
lead to joint symptoms.

SUMMARY

The author has studied anomalies in
morphology and development of the inter-
condylar eminence of the knee based on a
large series of roentgenograms of the knee,
He states that only in cases of complete
aplasia was it possible to demonstrate al-
terations in the mechanics of the knee joint
from a clinical standpoint.
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Variationes Morphologic del Emincentia Intercondylar del Genu

Swumario in Interlingua

Le autor ha studiate anormalitates del
morphologia ¢ del disveloppamento del emi-
neatia intercondylar del genu in un grande
numero de roentgenogrammas. Esseva cos-
statate in iste eminentia, e spina del tibia,
un multitude de variationes de forma, le

2. Hyperplasia de solmente le tuberculo
medial,

Hyperplasia de solmente fe tuberculo
lateral.

4. Hypaplasia de ambe tuberculos,

5. Aplasia complete del spina tibial.
Secundo nostre observationes clinic, Ie

3

quales, il es ver, ha minor di i in
le majoritate del casos. Alora illos es dis-
proviste de signification ¢ pote esser con-
siderate como normal.

In un parve numero de casos, del altere
latere, Je variationes disveloppa formas char-
acteristic que pote esser classificate sequen-
temente.

1. Hyperplasia del spina tibial,

anormalitates hyper- e hypoplastic non affice
je mechanica del articulation del genu de
maniera a producer symptomas apparente.
Quanto al aplasia complete, ilo es probabile-
mente associate con alterationes morphologic
¢ functional del ligamentos cruciate e causa
anormal relationes mechanic que pote re-
sultar in symptomas articular a signification
clinic.

Fic. 7. October 30, 1951; Female domestic, aged 32. The patient complaned of
haymg_ suffered, since infancy, a feeling of weakness and instability of the tight leg with
pains in the knee after prolonged activity. Physical examination: The right knee is
normal in its anatomic profile. There are no signs of par at the usual focations, Oa
Ialera! movement both with the knee flexed and extended it is noted that an abnormal
“‘“"{“‘)’ 15 present as compared with the opposite leg. When the leg is forced inte a
posttion of flexion, there 1s noted at the condylar level n back-and-forth movement
("drawer movement”) that is not present in the left leg. Roentgenographic examination
of both knees revealed the followiag: (1) right knee—complete absence of the tibiai
spine; (bottom) feft knee—a ubial spine normal in its anatomic outline.
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Neurogenic Arthritis and the Problems of
Arthrodesis of the Neurogenic Knee

L. W. Wiseman, M.D.*

Because of its bizarre manifestations, neu-
rogenic arthritis is a medical entity that has
excited the interest of clinicians since its
original description 100 years ago. The ad-
vent of newer and more effective modes of
treatment of syphilis has so decreased the
incidence of the condition that the average
practitioner no longer is oriented to the prob-
lems of diagnosis and treatment, Sufficiently
rare to be interesting, sufficiently common to
be a problem, the destructive effect of the
disease upon the involved joint and subse~
quent economic function of the victim are
such that a review of the pathogenesis, the
pathology and the treatment of the condi-
tion seems to be indicated.

The relationship between disease of the
central nervous system and a destructive
arthritis of the weight-bearing joints was
first pointed out by Mitchell in 1831, Thirty-
seven years later, Charcot first described the
joint conditions that accompanied tabes dor-
salis with sufficient clarity that this syndrome
was given his name. In 1873 a case of polio-
myelitis, complicated by neurogenic arthrop-
athy, was described by Labrode. In 1875
Weir Mitchell described the condition in a
case of myehtis, and 1 1892 Sverdlefl pub-
lished a group of cases of syrngomyelia with
many examples of Charcot arthropathy.

Since its first description there has been
considerable controversy concerning the
pathogenesis of the neurogenic jomt. Char-

* San Gabriel, Call

cot stated that the syndrome was trophic in
origin. Volkmann, and later Virchow, pos-
tulated that the changes characteristic of
this disease arose on a mechanical basis as
a result of the loss of the normal proprio-
ceptive reflexes carried via the posterior
roots to the spinal cord.

Numerous examples emphasize the im-
portance of normal control by the central
nervous system over peripheral structures.
The deterioration of skin, bone and muscle
in the paraplegic 15 well known; it does not
seem to be unreasonable that a similas
change in the articular structures would oc-
cur under the same environment. Definite
trophic nuclei or centers have been de-
scribed within the spinal cord near the ln(e.r:.xi
horn, and, in fatal cases of policmyel.;us
with marked trophic involvement, e;sienswc
neuronolysis has been described in th1§ area.
The hypothesis has been that there 'nngmalc
from these nuclei peripheral vegetative ﬁbFrs
that are the same as, or are at least carried
with, the main sympathetic trunks (o the
extremities. It is felt that their influence
on the somatic structures is mediated by
means of a control over the peripherat vas-
cular system and, therefore, the nutrnitive
supply to the periphery.!® ) »

Changes resembling neurogenic arthritis
are found in paraplegic individuals fvho are
not sufficiently ambulatory to pm\'u{c me-
chanical trauma as the source of their dis-
case; in addition, the joints of the uppst

218



Novrogonic Asthritis and Arihrodesis of the Neurogenic Knee

219

extremity frequently arc involved in syringo-
myelia in which the factor of weight-bearing
trauma is minimal, Furthermore, Charcot
knees have been described in tabetics with
proprioceptive reflexes still intact. The ex~
istence of atrophy of a single limb follow-
ing congenital lesions of the parictal lobe is
evidence of a specific trophic effect of the
cerebrum on the growth and the development
of the extremities, On the other hand, in
most patients suflering from this discase
there is definite impairment of their proprio-
ceptive functions, Almost all so-called
trophic ulcerations in syringomyeliacs were
found by Grinker to have eriginated from
trauma that would have been perceived and
avoided by individuals with normal sensi-
bilities. The continuation and the progres-
sion of the lesion then is favored by the in-
abitity of the patient to avoid repetition of
the injury on already damaged tissues and
by a crippled vasomotor system that is un-
able to provide the materials to overcome
infection and produce repais. The higher in-
cidence of these changes in the lower ex-
tremities, where the trauma of ambulation
is almost incessant, likewise would appear
to indicate 2 mechanical facter in its origin.
It has been shown that section of the sciatic
nerve in experimental animals never is pro-
fiuctive of pathologic changes without super-
imposed trauma. "1
In 1917, Eloesser carried out a series of
experiments on cats that clarified the role
of trauma in neurogenic arthritis, He showed
that section of the posterior roots alone did
Tot cause joint changes, but that section of
the postertor roots plus traumatic insults to
the analgesic joint resulted in 2 fulminating
artheitis, It is significant that the majority
of present-day investigations concerning the
Pathogenesis of this disorder have emphasized
the impostance of trauma. Probably it is best
to consider the condition as an accelerated
Osteoarthritis precipitated by the application
of trauma to 2 joint unprotected by proprio-
ceptive and painful sensation, 58121314
The pathology of this arthritis has been

studied extensively, The first changes occur
in the cartilage and underlying bone. There
is an initial proliferative reaction of cari-
Tage cells and matrix, followed by fibrillation,
deterioration and formation of lacunac
within the hyaline cartilage, Simultaneously,
hyperplasia of the synovium and hypertrophy
of the capsule develop as a result of recur-
rent synovial effusions. As a result, the cap-
sule and surrounding ligaments are stretched
and loosened so that subluxation, and even
frank dislocations, can occur. Unlike or-
dinary varieties of osteoarthsitis, the articu-
lar cartilage soon is invaded by a thick,
destructive pannus originating from both the
underlying bone and the synovial membrane.
As the cartilage disappears, a revival of
enchondral ossification oceurs in an irregu-
far, scattered fashion beneath the old ar-
ticular cortex. Sclerosis and eburnation of
the articulating bone ends take place, osteo-
phyte production assumes grotesque propor-
tions, and ectopic cartilage and bone appear
throughout the synovial membrane. The de-
gree of resumption of enchondral ossifica-
tion is so great that by reason of simuita-
neous proliferation and resorption, an enor-
mous incongruity of joint surfaces results
with subsequent fragmentation of the articu-~
fating surfaces, %133

As the disease progresses, it tends to re-
solve into either a hyperplastic or an atrophic
form. The final picture in the hyperplastic
form is one in which the disruption of the
articular surfaces, ectopic bone formation,
subluxations and dislocations have pro-
gressed to such grotesque proportions that
they present an almast ludicraus eppearance.
In the atrophic form the joint debris is ab-
sorbed quickly, ectopic bone formation and
calcification are minimal, and the articular
surfaces appear to melt away, leaving a sub-
luxated, unstable stub of a joint.

Neurogenic arthritis can occur following
disruption of the normal proprioceptive pro-
tective reflex arc at any point from the joint
o the cerebrum. It occurs miost commonly
in tabes dorsalis and syringomyelia. It has
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Fro. 1.

amputation was performed.
U

been described following infectious, toxic,
traumatic or neoplastic disruption of the
peripheral nerves, nerve roots or the poste-
riolateral columns along their course in the
spinal cord to the proprioceptive centers of
the brain, Occasionally it is associated with
pernicious anemia, paraplegia, diabetes,
Pott’s disease, cerebral tumors, poliomye-
litis and chordotomy.19.1°

This disease occurs usually in those be-
tween 35 and 65 years of age. The most
common cause is tabes dorsalis, although
there is a higher frequency of joint involve-
ment in syringomyelia. The arthropathy is
most common in Caucasians, despite the
higher incidence of syphilis in the colored
races; likewise, it is more common in men,
although among women who develop tabes
dorsalis the frequency and the severity of
Charcot arthropathy are disproportionate.
The usual time interval between the imtial
syphilitic infection and the onset of the dis-
ease in tabetics is 19 years ®13 18

Usually the disease is associated with and
preceded by signs and symptoms referable
to the underlying pathologic process; how-
ever, in approximatcly one third of the cases

(Top, left) Ul-advised and mechanically ineffi-
cient methods of arthrodesis in neurogenic arthritis are fol-
lowed frequently by disaster. This patient was operated on
for this severe neurogenic arthritis of the knee. {(Top, right)
In surgery, a crude approximation of the articular surfaces
was performed. A long Jeg cast and an intramedullary nail
were the only means of immobilization. (Bottom) With
such haphazard immobilization and fixation, disaster was
inevitable. 2% months later, because of toxemia, gross
purulent discharge and frank instability, a supracondylar

[

the arthritis itself is the first subjective evi-
dence of the underlying neurologic dif()n?er.
In almost every case a careful examination
will disclose findings indicative of the pres-
ence of latent disease of the pos&em!a(cml
columns. The vast majority of Charcot ar-
thropathies are preceded in onset by l!lc
classic signs and symptoms of tabes dorsalis
In one half of the cases there is serologic
evidence of syphilis, although frequently
serologic tests of the spinal fluid or blood
alone may be negative.*>1

Neurogenic arthropathy may involve al-
most any articulation of the body, although
it scems to show a predisposition for the
weight-bearing joints, particularly .mc knc.:‘
Frequently 1t is polyarticular and bilateral in
occurrence, although the sites of invqh‘cmcm
are determined largely by the ctiologic agent.
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In 75 per cent of tabetics the disability de-
velops in the lower extremity or the spine,
while in over 80 per cent of syringomyelic
arthropathy it occurs in the arm or the
shoulder Bz 1534

Of cours® the onset of the disease vacics
from joint to joint and from patient to pa-
tient, For instance, in the hip the initial
symptom frequently is a pathologic fracture
of the neck of the femur; in the spine it usu-
ally is crepitation with progressive disability
and deformity; and in the kace, the ankle and
the foot it generally is a sudden spontaneous
swelling of the joint not preceded by great
trauma or acute pain. In the knee the swell-
ing may extend a considerable distance up
and down the leg and may be associated
with 2 dull, aching pain. The initial appear-
ance of the joint may be such as to supggest
a low grade inflammatory process. After 2
period of months, the effusion may clear
only to recur continually as the process en-
ters the chronic stage in which pain is mini-
mal, abnormal mobility of the joint is pres-
ent, and crepitation with valgus and varus
deformities, subluxations and instability ap~
pear 10 be superimposed on the underlying
bony destruction. As the disease progresses,

Fl{i. 2 (Top) A practical, stable and efficient com-
Pressive apparatus shoutd be employed in compres-
Slon arthrodesis. Steinmann pins of at lfeast 3/32 in,
in diameter should be employed and should not be
bent beyond the Hmuts of thew elastic strength, This
Pi{txent entered the hospital with this surprisingly
mild neurogenic arthntis. (Center) At surgery, small
116 in. Stei pins were employed and
Were beat beyond the fimits of their elastic
strength, so that they could exert little actual
compression. Crude hardware-store variety
Lurnbuckles were used; they were attached to
the pins only by hemostats. Only 2 long leg
ast was used for postoperative immobitization.
A postoperative roentgenogram showed what
%as to be expected—the usual anterior dislo-
cation of the femur on the tiba. (Bottom) 1
}a:aé! fater, despite 2 attempted manipulations
and @ ¥ear in a hospital immobilized i a spica
e one half, 2 defimte nonunion of the arthrod-
98 S0l was Ppresent.
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Fic. 3. (Top, left) Dislocation following arthrodesis has been found. to occur in 2
definite and predictable fashion; that is, an jnitial extension of the tibia followed 13y
an antenior dislocation of the femur. This patient was operated on for a mild .neumgc'nlc
arthntis. A modified Galloway arthrodesis was performed, and the extremity was im-
mobilized in a long leg cast. i

(Top, right) 2 weeks after surgery a check roentgenogram showed extension of the

of immi

A ngt

anterior disl of the femur, The

tibia on the femur—an i

arthrodesis was remampulated and placed in a single spica cast. )
(Bottom, left) 6 months later the arthrodesis was solid clinically and showed early

union. Shortly afterward all external support was removed, and the pa

unprotected weight-bearing.

tient began full,

(Bottom, right) Neurogenic arthritis 1s a treacherous, unpredictable and systemic dis-

easc that often converts apparent success into dismal failur 3
patient stepped from the curb, she suffered this pathologic fracture of the ip

particularly in the knee and the foot, ambu-
lation becomes more and more impossible,
and gradual peniarticular muscle atrophy de-
velops. It 1s during this period that the victim
becomes unusually susceptible to pathologic
fractures of his long bones and periosseous
soft tissue calcifzations that add further to
the deformity . d the uselessness of the
extremity. b3

e. Almost 1 year later, as l.hc
silateral hip-

The therapy for this condition always has
¢ treat-

been a problem. Usually conscrvnliv. ;
ment consists of antisyphilitic mf:dxcatlon.
bracing and muscle rewducatio? in an‘ mc-
tempt to protect the involved joint. T\:rs
recently intra-articular hydrocortone  ha
been administered without notable sSuccess
and with the occasional complication of ex-
plosive pyarthrosis.
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Fic. 4. (Top) A compression arthod-
esis, carried out carcfully with accurate
approximation of the articular surfaces,
use of efficient turnbuckles and pins, and
with postoperative immobilization of the
arthrodesed hnee in extension, will result
in union of the arthrodesis in a high per-
centage of cases in a reasonable period of
time. This patient had a severe neuro-
genic arthritis of the knee.

{Center) Arthrodesis of the knee was
carried out with the knee in extension,
large Steinmann pins bowed but not bent,
efficient Charnley type turnbuckles and
postoperative immobilization in a spica
cast. (In tater cases of this series, postoper-
ative immobilization was supplemented by
a Stei pin driven Iy through
the medial tibial condyle into the intra-
medullary cavity of the femur.)

(Bottom) 5 months later, after an un-
eventful postoperative course, a solid
arthrodesis was present by both clinical
and roentgenologic examination.

Direct surgical attack on neurogenic ar-
thritis short of amputation always has been
fraught with difficulties. The disastrous and
frequemly fatal effects of infection follow-
Ing surgery on these joints are well known.
The avascular cburnated bone requires the
best of surgical technic. The condition of
ﬁ'le patient, his preoperative and postopera-
tive care, and the long postoperative im-
mobilization and rehabilitation require long
and carefy) supervision by the surgeon and
clonsiderable forbearance and economic sac-
tifice on the part of the patient.

'Anhrodesis is considered to be the sur-

gical procedure of choice in this disease.
efore surgery is performed the patient

should be evaluated from the standpoint of
his abilty 1o survive the surgery and to
Wwithstand the long period of hospitalization.
?‘5 general physical condition, with par-
icular reference to the condition of the
lgl;ﬂftwwnary tract, the locomotive equi-
o Tum status and the possibility of involve-
ent of other joints, should be considered.
m:;\l (:?eg Los Angeles County Hospital a
arthrodeses have been performed

for neurogenic arthritis of the knee since
1930; all were done during the last 10 years,
In a similar period at the White Memorial
Hospital in Los Angeles an additional §
arthrodeses were performed for the same
condition. This means a series of 13 patients
with a total of 14 arthrodesing procedures;
1 patient was operated on twice. Eight were
men, 5 were women.
The average age of patients at the time of, .

surgery was 49; the youngest was 39; the
oldest, 61. In" 11" instances a diagnosis
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tabes dorsalis was established conclusively
by history, serology and general physical
examination; in 2 cases a definite etiologic
diagnosis of the basic neurologic disorder
remained doubtful, but the history, the clin-
ical findings and roentgenograms of the in-
volved joint were typical of some type of
neurogenic arthropathy. The average dura-
tion of symptoms prior to surgery was 3
years; the average time interval between
the initial syphilitic infection and the onset
of the arthropathy was 27 years.

In 5 cases there was evidence of multiple
joint involvement, either at the time of sur-
gery or as a subsequent complication. In 2
cases the additional joint involved was the
hip; in 2 cases, the knee; and in 1 case, the
mid-tarsal articulations. Ten of the 12 cases
occurred in Caucasians and 2 in Negroes;
of the 10 Caucasians, 5 were of Spanish
extraction,

A review of the Journal of Bone and
Joint Surgery and the Annals of Surgery re-
veals an additional 6 attempts at fusions of
neurogenic knees from 1930 to 1954. If
these cases are included, a group of 20
arthrodeses in 18 patients is produced, 2
patients having been operated on twice. A
wide variety of arthrodesing procedures is
represented: Albee, 1; Galloway, 1; Brittain,
15 arthrodesing procedure in which an intra-
medullary nail was used, 1; Soto-Hall, 1;
Hibbs, 4; and compression-type arthrodesis
as originated by Key and later modified by
Chamnley, 11—all done at Los Angeles
County Hospital and White Memorial Hos-
pital.

There were 6 nonunions in 20 arthrodeses.
Three failures followed 11 compression ar-
throdeses, 1 followed 4 Hibbs procedures,

1 followed the use of an intermedullary nail
and I occurred with the single Albee pro-
cedure. One compression arthrodesis at 7%
months still is incompletely united. Of the
3 failures with compression arsthrodesis, 1
followed use of primittve and mechanically
inefficient turnbuckles; the 2 remaining fail-
ures occurred in the same patient, and the

2nd nonunion probably can be regarded as
an unsuccessful attempt to fuse a neoarthro-
sis. In addition, in the single Brittain pro-
cedure, distraction of the arthrodesis was
noted at 3 weeks, and the subsequent sal-
vage of the fusion can be attributed to the
secondary application of turnbuckles to the
cast and the use of the compression prin-
ciple.

Four of the 18 patients had severe neuro-
genic arthritis at the time of surgery, and
subsequently 2 of these developed non-
unions, Of these 2 original failures, 1 was
re-fused successfully. There is no significant
difference in duration of symptoms prior to
surgery between unions and nonunions. The
average time of fusion in the 13 successful
arthrodeses, calculated from the date of sur-
gery to the time at which the surgeon con-
sidered the arthrodesis to be sufficiently solid
to discard external support, was 8 months.
The same period for the compression nrx}.xro-
desis was 6% months and for the Hibbs
arthrodesis 5% months; | compression ar-
throdesis was united at 3 months. The aver-
age duration of hospitalization was 4 day.s.

Postoperative complications dcv;lloped in
21 instances. There were no fatalities as 2
result of surgery, although gross infection
developed after 2 attempted arthrodeses,
and 1 of them terminated in a supracond:vlar
amputation. These were 18 complications
among the 11 compression artheodeses, in-
cluding 7 pin-tract infections, 4 nonunions
of the patella, 3 instances of dlstr.ncnunl (:r
gross dislocation of the arthrodesis, 1 late
pathologic fracture of the hip folll 2
throdesis of an ipsilateral knee and 1 i
stance of difficult ambulation in a tabetic
following prolonged bed rest. Seven of lh:s!
11 compression arthrodeses developed S"?SS
pin-tract infections; in only I instance :;.3_
this sufficiently severe to necessitate  dIs
continuation of the campression npgarntu;
prior to the usual postapcmtivc Pcrlod [
2 to 3 months, i

In evaluating the 11 compression t;;'
thradeses, certain factors were found 10

owing ar-
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of interest. The stability of the arthrodesis
seems 1o be related to the accuracy with
which the epposing surfaces are approxi-
mated and the extent to which the plane of
the arthrodesis Js kept at right angles to the
line of compression. The use of a transverse
incision and the application of a saw rather
than an ostestome or a maliet appeared to
facilitate these objectives. The maximum
compression and fixation were obtained by
driving the transverse Stcinmann pins in
close proximity and parallel to the arthro-
desing surfaces.

The mechanism of distraction and dis-
location of the 3 compression arthrodeses
was by extension of the knee followed by
antesior displacement of the femur. Whether
the initial back knec is the result of the
unopposed pull of the hamstrings and the
gastrosoleus or simply the effect of gravity
on the knee of a supine patient is uncertain.
However, it does seem to be obvious that
the maximum position of stability in com-
pression arthrodesis is with the knee at 180°,
and that flexion or extension beyond this
point is productive of proportionate insta-
bility. In fact, it appears to be likely that
once the initial angulation has occurred a
continuation of compression will accelerate
the deformity and complete the dislocation.

In each case distraction and distocation
were found to occur within the first 3
weeks. The use of a single Steinmann pin
driven obliquely through the medial tibial
condyle into the intramedullary cavity of
the femur has proved to be a valuable sup-
vlement to the initial stability of the ar-
throdesis, The immobitization provided by a
Spica cast during this initial vulnerable
period has been of great value and in 1 in-
stance probably was the difference between
success and fajlure. It is significant that
7o Ronunions developed in those cases im-
mobilized in a spica cast.
m'ihe use of smalf Steinmann pins and

eshift turnbuckles has been disastrovs.
'.l'he‘ Slginmann pins should be at least 34,
in. In diameter and should be connected by

a mechanically cflicient turnbuckle such as
the Charnley device. Compression is ex-
erted by shortening the turnbuckles peri-
odically so as to maintain the Steinmann
pins in a gentle bow; failure to maintain a
bow or to tighten the turnbuckles to such
an extent as to bend the pins has been found
to decrease the compressive effect of the
apparatus, Compression usually is main-
tained for 3 months, then the spica cast is
removed, and the extremity is immobilized
in a long feg cylinder cast or brace until the
fusion is complete.

It is obvious that the small number of
cases presented here makes the problem of
drawing definite conclusions from this ma-
terial extremely precarious. However, it is
felt that certain tentative conclusions can be
made even at this time:

1. Because of the wide variety of etio-
logic agents other than syphilis, neurogenic
arthritis is, and will remain, sufficiently com-
mon o 3$ to present problems in diagnosis
and treatment,

2. WNeurogenic arthritis probably is a
fulminating osteoarthritis following the ap-
plication of trauma to an ataxic joint,

3. Neurogenic knees can be fused suc-
cessfully by a wide variety of methods; the
disability attendant upon a neglected neuro~
genic knee is so severe that such fusion
should be attempted,

4. A properly conducted compression
arthrodesis supplemented by an obliquely
driven Stei pin and application of a
spica cast will arthrodese the neurogenic
knee in a high percentage of cases within
a reasonable period of time.
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tabes dorsalis was established conclusively
by history, serology and general physical
examination; in 2 cases a definite etiologic
diagnosis of the basic neurologic disorder
remained doubtful, but the history, the clin-
ical findings and roentgenograms of the in-
volved joint were typical of some type of
neuragenic arthropathy. The average dura-
tion of symptoms prior to surgery was 3
years; the average time interval between
the initial syphilitic infection and the onset
of the arthropathy was 27 years.

In 5 cases there was evidence of multiple
joint involvement, either at the time of sur-
gery or as a subsequent complication. In 2
cases the additional joint involved was the
hip; in 2 cases, the knee; and in 1 <ase, the
mid-tarsal articulations. Ten of the 12 cases
occurred in Caucasians and 2 in Negroes;
of the 10 Caucasians, 5 were of Spanish
extraction.

A review of the Journal of Bone and
Joint Surgery and the Annals of Surgery re-
veals an additional 6 attempts at fusions of
neurogenic knees from 1930 to 1954. If
these cases are included, a group of 20
arthrodeses in 18 patients is produced, 2
patients having been operated on twice. A
wide variety of arthrodesing procedures is
represented: Albee, 1; Galloway, 1; Brittain,
1; arthrodesing procedure in which an intra-
medullary nail was used, I1; Soto-Hall, 1;
Hibbs, 4; and compression-type arthrodesis
as originated by Key and later modified by
Charnley, 11—all done at Los Angeles
County Hospital and White Memorial Hos-
pital.

There were 6 in 20 arthrod;
Three failures followed 11 compression ar-
throdeses, I followed 4 Hibbs procedures,

1 followned the use of an intermedullary nail
and 1 occurred with the single Albee pro-
cedure One compression arthrodesis at 7%4
months sull 15 icompletely untted. Of the
3 failures with compression arthrodesis, 1
followed use of primuve and mechanically
inefficient turnbuckles; the 2 remaining fail-
ures occurred 1n the same patient, and the

2nd nonunion probably can be regarded o
an unsuccessful attempt to fuse a neoasthro-
sis. In addition, in the single Brittain pro-
cedure, distraction of the arthrodesis was
noted at 3 weeks, and the subsequent sal-
vage of the fusion can be attributed to the
secondary application of turnbuckles to the
cast and the vse of the compression prin-
ciple,

Four of the 18 patients had severe neuro-
genic arthritis at the time of surgery, and
subsequently 2 of these developed non-
unions, Of these 2 original failures, 1 was
re-fused successfully. There is no significant
difference in duration of symptoms prior (@
surgery between unions and nonunions. The
average time of fusion in the 13 successful
arthrodeses, calculated from the date of sur~
gery to the time at which the surgeon con-
sidered the arthrodesis to be sufficiently soid
to discard external support, was .8 months.
The same period for the compression arthro-
desis was 6% months and for the Hibbs
arthrodesis 5% months; 1 compression ar-
throdesis was united at 3 months, The aver-
age duration of hospitalization was 14 days.

Postoperative complications devtel'oped in
21 instances. There were no [ntaht':cs as a
result of surgery, although gross infection
developed after 2 attempted arthrodeses,
and 1 of them terminated in a supraandylﬂf
amputation. There were 18 complications
among the 11 compression arthrodeses, 1
cluding 7 pin-tract infections, 4 nonunions
of the patella, 3 instances of dxs!x:uclloﬂl (::
gross dislocation of the nr(l.\rodesls,‘l 3{-
pathologic fracture of the hip following 2 -
throdesis of an ipsilateral knee and 1 in
stance of difficult ambulation in 2 :abc:c
following prolonged bed rest. chendOf L;
11 compression arthrodeses dcv'elope Sims
pin-tract infections; in only 1 msxl:mcc o
this sufficiently severe to necessitatc :
continuation of the comprcssion app.:xmw!
prior to the usual postoperative period ©
2 to 3 months.

In evaluating the 11 com
throdeses, certain factors were

pression ar-
found to b¢
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of interest. The stability of the arthrodesis
scems ta be related to the accuracy with
which the opposing surfaces arc approxi-
mated and the extent to which the plane of
the arthrodesis is kept at right angles to the
Yine of compression. The use of a transverse

ision and the application of a saw rather
than an osteotome or a mallet appeared to
facilitte these objectives, The maximum
compression and fixation were obtained by
driving the transverse Steinmann pins in
close proximity and parallel to the arthro-
desing surfaces.

The mechanism of distraction and dis-
focation of the 3 compression arthrodeses
was by extension of the knee followed by
anterjor displacement of the femur, Whether
the initial back knee is the result of the
unopposed pull of the hamstrings and the
gastrosoleus or simply the effect of gravity
on the knee of a supine patient is uncertain.
However, it does seem 10 be obvious that
the maximum position of stability in com-
pression arthrodesis is with the knee at 180°,
and that flexion or extension beyond this
point is productive of proportionate insta-
bifity. In fact, it appears to be Jikely that
once the initial angulation has occurred a
confinuation of compression will accelerate
the deformity and complete the dislocation.

In each case distraction and dislocation
were found to occur within the first 3
weeks, The use of a single Steinmann pin
driven obliquely through the medial tibial
condyle into the intramedultary cavity of
the femur has proved to be a valuable sup-
Plement 1o the initial stability of the ar-
throdesis. The immobilization provided by a
SPica cast during this initial volnerable
Period has been of great value and in 1 in-
stance probably was the difference between
Success and faiture. It is significont that
99 nonunions developed in those cases im-
mobilized in a spica cast.

e use of small Steinmann pins and
Makeshift turnbuckles has been disastrous.
'_rhe' Steinmann pins should be at least 35a
1. in diameter and should be connected by

a mechanically efficient turnbuckie such as
the Charnley device. Compression is ex-
crted by shortening the turnbuckles peri-
odically so as to maintain the Steinmann
pins in a gentle bow; failure to maintain a
bow or to tighten the turnbuckles to such
an extent as to bend the pins has been found
to decrense the compressive effect of the
apparatus. Compression usually is main-
tained for 3 months, then the spica cast is
removed, and the extremity is immobilized
in 2 long leg cylinder cast or brace until the
fusion is complete.

It is obvious that the small number of
cases presented here makes the problem of
drawing definite conclusions from this ma-
terial extremely precarious. However, it is
felt that certain tentative conclusions can be
made even at this time:

1. Because of the wide variety of etio-
logic agents other than syphilis, neurogenic
arthritis is, and will remain, sufficiently com-
mon so as to present problems in diagnosis
and treatment.

2. Neurogenic arthritis probably is 2
fulminating osteoarthritis following the ap-
plication of trauma to an ataxic joint.

3. Neurogenic knees can be fused suc-
cessfully by a wide variety of methods; the
disability attendant upon a neglected neuro-
genic knee is so severe that such fusion
should be attempted.

4. A properly conducted compression
arthrodesis i d by an obliquely
driven Steinmann pin and application of a
spica cast will arthrodese the nevrogenic
knee in a high percentage of cases within
a reasonable period of time,

upy
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Arthritis Neurogene ¢ le Problemas de Arthrodese del Genu Neurogene
Summario in Interlingua

In despecto del reducite incidentia de
syphilis, arthritis neurogene remane suffici-
entemente commun pro esser de interesse
pro Ie chirurgo orthopedic, Iste lesion oc-
curre in association con non importa qual
morbo que interrumpe le protective arco de
reflexo proprioceptive a ulle puncto al longo
del peripheria del medulla spinal, Le lesion
se incontra ancora le plus frequentemente
in association con tabes dorsal, sed illo es
etiam associate con numerose casos de ane-
mia pemniciose, diabete, e syringomyelia. Su
melior description esseva forsan su char-
acterisation como osteoarthritis fulminante
occurrente post le application de trauma a
un articulation ataxic,

Arthrodese es considerate como le tracta-
mento de election pro patientes con arthritis
neurogene. Tamen, il es difficile obtener
resultatos successose in tal patientes. Le ra-

tiones pro iste difficultate include (1) I
tendentia del morbo de manifestar se, post
su tractamento chirurgic, in altere articula-
tiones, (2) le aberrante e anormal physio-
logia associate con Je subjacente disordme
neurologic, (3) le presentia de sclerotif: 0550
inactive que es susceptibile al infection, ¢
(4) Ie prolongate immobilisation ¢ rehabili-
tation postoperative que es necessari.

Isto es un reporto de un serie de dece-
octo patientes in qui vinti arthrodeses ¢s-
seva executate pro arthritis neurogent del
genu. In dece-quatro casos le arthrodese
resultava jn un fusion successose.

Arthrodese a compression es apparenic-
mente Ie plus frequente methodo therapeutic
in iste morbo, Quando iste arthrodese s
ben executate e supplementate, iflo r'esul.m
in fusion intra un periodo non excessive in
un alte procentage del casos.



D# LR LI APV L™ W

20

Deep Thrombophlebitis, A Cause of Acute
Synovitis of the Hip Joint®

E. DYER Davis, M.D.7

I shall present 2 cases of clinical throm-
bosis of the deep veins for the specific pur-
pose of establishing an etiology for syn-
dromes consisting of pain, muscle spasm and
limitation of motion about the hip joint.

Case 1. Negro, aged 23, past history non-
contributory. The patient entered the hospital
on January 9, 1956. His only complaint was
excruciating pain in the left hip, Physical
examination revealed extreme tenderness of
the left hip at the intertrochanteric fossa
posteriorly, Any active or passive movement
of the leg precipitated agonizing pain with
severe spasm of all muscle groups of the
thigh. He was unable to bear weight. No
tenderness was noted over the great vessels
anterjorly.  Significant laboratory findings
were: elevated white count to 10,500; blood
urea nitrogen 48 mg. per cent and 3 plus
protein in the urine.

There was little change with conservative
treatment of bed rest, sedation and Buck's
extension, Four days later the left thigh appeared
to be grossly swollen. Compression dressings
Were applied, and anticoagulant therapy was
started. Despite therapy, the thigh continued
to enlarge, and, 2 weeks after admission, by
actual measurement it was 4 in. larger n
circunference than the right.

At this time the hip pain continued to be
severe, and persistent 3 plus protein in the
urine and a reversal of the albumin-globul

joint. Three days after the beginning of im-
provement, the patient’s hip pain was gone.
However, his clinical picture was one of a typi-
cal post-thrombophlebitic leg with swelling and
induration.

It is assumed that the acute symptoms ref-
erable to the hip joint were the result of
venous engorgement from this process or
an extension of the actual inflammatory
process into the vascular system of the hip
joint.

Case 2. Negress, aged 18. This patient
developed pain 1n the night hip 2 weeks after
normal vaginal delivery. On admission to
hospital she was unable to stand and shrieked
with pain on attempted manipulation of the
leg or on palpation of the intertrochanteric
fossa posteniorly. The remainder of the physi-
cal examination was normal except for a pulse
rate of 120 per minute. A significant labora-
tory finding was an elevated white count of
13,600.

Four days after admission the right thigh
appeared to be swollen grossly, and by meas-
urement was 2 in. greater in circumference
than the left. Treatment was conservative with
bed rest, elevation, Ace bandage and Buck’s
extension. By the end of 2 weeks the patient
was asymp ic, although Iing of the
leg persisted. She was discharged 21 days after

ratio were noted. Not until Febxua?y 2, 4
“eeks after admission to hospital, was there
any diminution of symptoms about the hip
—_—

* Read at meeting of the Philadelphia Ortho-

and on follow-up 4 weeks later
the thighs were of equal circumference.

Thrombosis is the result of an upset in a
delicate chemical and physical balance of

Pacdic Society Apnl 6, 1956,
1 Resident, Philadelphia General Hospital.

cir lating el and vascular endothe-
lium. Some of the known predisposing fac-

27
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Fic. 1. Postero-anterior view of the
pelvis (Case 1) shows no abnormalities of
either hip joint. Four subsequent roent-
genograms at weekly intervals failed to
show any change.

By
& -
_é;».

Pi

Fi6 2 Lower extremitics 2 weeks after
admission to hospital (Case 1). Note the
difference tn circumference of the 2 Jegs—
4 in, in rhe thighs, 2 in, 1in the calves.

Fic. 3. Venogram done through a femoral
puncture 2 weeks after admission to hos-
pital (Case 1). Observe the presence of
dye in the left femoral and iliac veins with
failure to visualize dye passing into the
inferior vena cava, indicating a block of
the deep venous system on the left. Ob-
serve the hypertrophied anastomotic ves-
sels crossing the anterior portion of the
pelvis and entering the deep venous system
of the opposite side through the hypo-
gastric and the jliac veins.

By

tors of thrombus per se are injury to the
intima, slowing of the blood stream and
change in chemical composition of the blood.

The most usual location of thrombus for-
mation in the lower extremities is in the
plantar veins, the veins of the calf muscles,
the veins of the adductor muscles and the
visceral pelvic veins, cspccially in obstetric
patients.

In neither Case 1 nor Case 2 was there
objective or subjective evidence of throm-
bosis anywhere except in the high femorat
or the iiiac veins after the hip syndromes
were fully developed. The etiology of Case
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Fic. 4. Lower extremities 6 weeks after
admission to hospital (Case 1). Patient
had bad treatment of compression dress
ings, elevation and anticoagulant therapy.

2 is rather clear cut, since the onset was 2
weeks after delivery. No such evidence is
observed in Case 1. However, in both cases
the onset and the character of the hip syn-
dromes are strikingly similar.

1. Benassy and J. Lamare,® of Paris, have
injected a series of notmal living ferurs
through the greater trochanter with radio~
paque dye to establish a norm for venous
drainage of the hip joints. In the mormal
hip it was found that the dramage occurred
principally through the external iliac vem,
the obturator system and the superior and
the inferior gluteal system. In cases of osteo-
arthritis of the hip, neither the femoral nor
the iliac veins were visuatized, The collater-
als took nefanous routes through complex
anastomoses into the hypogastric systems of
the apposite side, much in the same manner
as is illustrated in Figure 3. These authors

Fi6. 5. Postero-anterior view of the pel.
vis of Case 2 showed no abnormalitics at
the time of admission to hospital. Follow-
up roentgen examinations also  were
normal.

have stated that, besides the ischemic le-
sions of arterial origin proved by Trueta,
thrombosis of the circumflex or the obtu-
rator veins may play a role in the etiology
of certain cases of arthritis affecting the hip
joint.

An interesting side light is the renal pic-
ture accompanying the syndrome in Case 1,
which is highly suggestive of renal vein
thrombosis. Both in animal experimentst™8
and in patients proved at postmortem to
have had renal vein thrombosis, there was
evidence of great protein loss in the urine
with a reversal of the albumin-globulin ra-
tio,*>® The patient in Case 1 had changes
in the plasma and the urine characteristic
of a nepbrotic syndrome and could be dis-
tinguished from it only by the absence of
a suggestive clinical history and by its ephem-
eral nature. This interference with the
renal venous return presumably developed
stowly, since rapid occlusion usually causes
hemorrhagic infarction of the kidney.?

To my knowledge, the clinical picture of
acute synovitis of the hip joint as the first
manifestation of thrombophiebitis of the
deep veins has not been reported in the lit-
erature. On admission to hospital, and for
several days thereafter, Case 1 had the pri-
mary symptoms and the clinical findings of
an acute process confined to the left hip
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joint. He complained of pain in the hip,

excruciating pain on palpation, agonizing
pain with any movement of the joint, either
actively or passively. There was severe
spasm of all muscle groups of the thigh and
never 2 history of calf or thigh pain. Case 2
showed the identical symptoms in regard to
the hip pain. Subsequently swollen thighs
and calves developed in both cases from
4 10 6 days affer admission. Both hips were
aspirated before antibiotics were adminis-
tered, and the cultures were reported as no
growth. In both cases blood cultures failed
to reveal bacteremia. Viral antibody studies
did not show a significant rise in titer,

The lack of any positive findings in the
above studies seemed to indicate that the
syndrome described was of vascular origin,
Thus, a definite etiologic factor is estab-
lished in those cases in which the syndrome
resembles acute transient synovitis of the
hip.
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Thrombophlebitis Profunde, un Causa de Acute Synovitis del
Articulation Coxo-Femoral

Summario in Interlingua

Es reportate le casos de duo patientes qui
exhibiva al tempore del prime presentation
Ie classic signos ¢ symptomas de acute syno-
vitis del articulation coxo-femoral. Le prime
patiente esseva un masculo de 23 annos de
etate, le altere un feminina de 18 annos, duo
septimanas post partunition,

Culturas del fluido synovial, culturas de
sangune, ¢ studios de anticorpores viral non
produceva resultatos positive. Subsequente-
mente ambe patientes disveloppava throm-

bophlebitis del profunde systema venose in
le extremitate al latere del coxa afficite. Un
constatation incidental esseva thrombosis del
venas renal in le masculo de 23 annos.

Le absentia de resultatos positive in e
supra-mentionate studios pareva indicar que
il se tractava de¢ un syndrome de origine
vascular, Assi se establi un definite factor
etiologic in iste casos in que Je syndrome €5
un acute synovitis transiente del coxa.
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Pathways Tracked by Dorsolumbar
Tuberculous Abscesses

RoBerT L. SamiLsoN, M.D.*

Since the advent of potent antituberculous
drugs, the diagnosis and the subsequent
treatment of paravertebral tuberculous ab-
scesses has been altered greatly. The fre-
quency of indolent sinus tracts has all but
disappeared. At the New York Orthopaedic
Hospital, a number of tuberculous abscesses
originating in the dorsolumbar spine have
been studied recently by the direct injection
of radiopaque dye substances. A graphic
demonstration of the anatomic pathways
tracked by these abscesses has resulted.

The incidence of “cold” abscesses asso-
cinted with vertebral tuberculosis varies
from 20 per cent® to 63 per cent’. Appar~
ently, this sequela is more frequent in lower
dorsal and Jumbar disease than in other
spinal segments, In a recently reported series
from this institution, Hallock and Jones?
found that 91 per cent of spinal tuberculosis
originated in the lower dorsal, the dorso-
fumbar, or the lumbar segments.

ANATOMIC PATHWAYS

Figure 1 depicts the 3 common pathways
tracked by abscesses from the lower dor-
sal or Jumbar spine. Perhaps the most fre-
quent route is within the sheath of the psoas
muscle, to present in the iliac fossa, or to
gravitate downward below the inguinal liga-

*Annie C. Kane Feflow, New York Orthopacdic

Hospatal, Columbia-Presbyterian Medical Center,
New York, N. Y.
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ment, usually on the adductor aspect of the
thigh. The abscess may penetrate either the
antetior longitudinal Jigament of the spine
or the ventral psoas sheath to gain access
to the retroperitoneal space. From there,
several routes may be taken. The abscess
may gravitate into the thigh via the femoral
vascular sheath or present in the buttock
via the greater or the lesser sciatic notch.
Ischiorectal presentation may occur. Retro-
peritoneal extension into pelvic organs also
has been reported. The 3rd common route
is through a single sheet of lumbodorsat
fascia into Petit’s triangle, lateral to the
point where the lumbodorsal fascia splits
into 3 layers. Figures 2 and 3 clarify the
anatomic pathways described.

o,

Fic. 1. Pathways tracked by dorso-
lumbar tuberculous abscesses: {1} within
psoas sheath; (2} retroperitoneal; (3)
lumbar (Petit's) triangle.
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FiG. Z Abscess sites: (1) vertebral focus; (2) within psoas sheath; (3} lumbar triangle;
(4) perirenal; (5) retroperitoneal. (After Callander, C. L.: Surgical Anatomy, ed. 3, Philadel-
phia, Saunders)

REPRESENTATIVE CASE REPORTS strated a destructive lesion of D12-L1 with
I. Pathway: Within Psoas Sheath. obliteration of the left psoas shadow. A mass
A 48-year-old Negro. Entered the New Was present in the left iliac fossa, which was
York Orthopaedic Hospital in 1952 with incised and drained after the patient had
fatigue and moderate weight loss of 6 been placed on antituberculous drugs‘.A
months’ duration and left hip pain of 4 smear from abscess material revealed acid-
months’ duration. Roentgenograms demon- fast bacilli. A long rubber catheter was
threaded into the iliac abscess and passed
cephalad. Roentgenograms were taken dem-
onstrating the catheter passing up the psoas
sheath to the side of the bodies of D12-L1
(Fig. 4). Late in 1953, a spinal fusion, D]l'-
L2 was performed Today the patient i3
alive and well.

2. Pathway: Retroperitoneal into But-
tock via Sciatic Notch. A 43-year-old
Negro. Entered the New York Ortho-
paedic Hospital 1 1953 with urinary fre-
quency and nocturia of 5 years’ duration
and a left thigh mass of 4 months’ duration.
o He sought medical advice because the size

Fig 3. Abscess within psons sheath on of the left thigh and buttock mass intcr-
feft. Retroperitoneal abscess, presenting fered with hi ing th h subway turn-
m buttock via sciatic notch on nght eced with his passing throug )
(after Calot). stiles. Rocntgenograms revealed a destruc
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Fio, 4. 48year-old Negro, Tuberculosis D12-L1. A catheter was passed cephalad
through iliac fossa abscess via psoas sheath to vertebral focus.

tive lesion of L3.L4, Aspiration of the ab-
scess was performed, and acid-fast bacilli
were demonstrated on smear. A total of
3,050 cc. of thick gray-green flocculent ma-
terial was aspirated from the abscess over
a 2-month peniod. The patient, who was re-
ceiving antituberculous drugs, never devel-
oped a sinus tract. Radiopaque dye was in-
jected nto the buttock abscess but appar-
ently failed to pass through the sciatic notch
into the retroperitoneal space because of
fibrous is of the e ing path-
way (Fig 5). A spinal fusion L2-L5 was
done in 1953. Today the patient is alive
and well.

3. Pathway:

Retroperitoneal into

Both Thighs via Vascular Sheaths, A
27-year-old Negress. Entered the New
York Orthopaedic Hospital in 1951 with
low back pain of 6 months’ duration. Roent-
genograms tevealed a destructive lesion of
the right side of the sacrum and the body of
L5. Biopsy of the right side of sacrum re-
vealed histologic evidence of tuberculosis.
A left thigh abscess was present which, when
aspirated, yielded 4,800 cc. of thick gray-
green flocculent material. Radiopaque dye
injected into the abscess cavity passed
through the retroperitoneal space into the
opposite thigh (Fig. 6). A left hemifu-
sion L4-81 was performed in 1951 and
was supplemented by right sacro-ifiac and
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F1G. 2. Abscess sites:

L7

(1) vertebral focus; (2) within psoas sheath; (3)

lumbar triangle;

(4) perirenal; (5) retroperitoneal. (After Callander, C. L.: Surgical Anatomy, ed, 3, Philadel-

phia, Saunders)

REPRESENTATIVE CASE REPORTS

1. Pathway: Within Psoas Sheath.
A 48-year-old Negro. Entered the New
York Orthopaedic Hospital in 1952 with
fatigue and moderate weight loss of 6
months’ duration and left hip pain of 4
months’ duration. Roentgenograms demon-

FIG. 3. Abscess within psoas sheath on
left. Retropentoneal abscess, presenting
in buttock via sciatic notch on nght
(after Calot).

strated a destructive lesion of D12-L1 with
obliteration of the left psoas shadow. A mass
was present in the left iliac fossa, \v!uch was
incised and drained after the patient had
been placed on antituberculous drugs. ‘A
smear from abscess material revealed acid-
fast bacilli. A long rubber catheter Was
threaded into the iliac abscess and passed
cephalad. Roentgenograms were taken dem-
onstrating the catheter passing up the pSOﬂlS
sheath to the side of the bodies of DlZ-li
(Fig. 4). Late in 1953, a spinal fusion. D! i:
L2 was performed. Today the patient B
alive and well. —
2. Pathway: Rctropcritoncal into lld
tock via Sciatic Notch. A 43-year-0 d
Negro. Entered the New York Oﬂ:“:_
paedic Hospital in 1953 with ur'mary ﬁron
quency and nocturia of 5 years' durz:.on
and a left thigh mass of 4 months’ dura l'zc'
He sought medical advice because lhc' il "
of the left thigh and buttock mass 10 :n
fered with his passing through subway wuc-
stiles. Roentgenograms revealed a destr
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4, 48.year-old Negro. Tuberculosis DI2-L1. A catheter was passed cephalad

through iliac fossa abscess via psoas sheath to vertebral focus.

tve lesion of L.3-L4. Aspiration of the ab-
scess was performed, and acid-fast bacilli
were demonstrated on smear. A total of
3,050 cc. of thick gray-green flocculent ma-
terial was aspirated from the abscess over
a 2-month period. The patient, who was re~
ceiving antituberculous drugs, never devel-
oped a sinus tract, Radiopaque dye was in-
jected into the buttock abscess but appar-
ently failed to pass through the sciatic notch
into the retroperitoneal space because of
fibrous is of the cc ing path~
way (Fig. 5). A spinal fusion L2-L5 was
done in 1953, Today the patiemt is alive
and well,

3. Pathway: Retroperitoneal into

Both Thighs via Vascular Sheaths. A
27-year-old Negress. Entered the New
York Orthopaedic Hospital in 1951 with
low back pain of 6 months’ duration. Roent-
genograms revealed a destructive lesion of
the right side of the sactum and the body of
L5. Biopsy of the right side of sacrum re-
vealed histologic evidence of tuberculosis.
A left thigh abscess was present which, when
aspirated, yielded 4,800 cc. of thick gray-
green flocculent material. Radiopaque dye
injected into the abscess cavity passed
through the retraperitoneal space into the
opposite thigh {Fig. 6). A left hemifu-
sion L4-§1 was performed in 1951 and
was supplemented by right sacro-iliac and
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(1) vertebral focus; (2) within psoas sheath; (3) lumbar trangle;

(4) perirenal; (S) retroperitoneal, (After Callander, C. L.: Surgical Anatomy, ed. 3, Philadel

phia, Saunders)

REPRESENTATIVE CASE REPORTS

1. Pathway: Within Psoas Sheath.
A 48-year-old Negro. Entered the New
York Orthopasdic Hospital in 1952 with
fatigue and moderate weight loss of 6
months’ duration and left hip pain of 4
months’ duration, Roentgenograms demon-

FiG. 3. Abscess within psoas sheath on
left.  Retropentoncal abscess, presenting
in buttock via sciatic notch on right
(after Calot).

strated a destructive lesion of D12-L1 with
obliteration of the left psoas shadow. A mass
was present in the left iliac fossa, W‘thh was
incised and drained after the patient had
been placed on antituberculous drugs. ‘A
smear from abscess material revealed acid-
fast bacilli A long rubber catheter wa;
threaded into the iliac abscess and passe
cephalad, Roentgenograms were taken dem;
onstrating the catheter passing up the pSOal
sheath to the side of the bodies cf D12-lli
(Fig. 4). Late in 1953, a spinal fusxoq, Dt 1;
L2 was performed. Today the patien
alive and well. X

I2. Pathway: Retroperitoneal into Bu];
tock via Sciatic Notch. A 43-,V€3";’_
Negro. Entered the New York Onfrz-
paedic Hospital in 1953 with ux:mary o
quency and nocturia of 5 years, du:ion.
and a left thigh mass of 4 months dl;]! i
He sought medical advice because tl snlcr-
of the left thigh and buttock mass Itum-
fered with his passing through subway -
stiles. Roentgenograms revealed a des
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¥16.

4, 48-year-old Negro. Tuberculosis D12-L1.

A catheter was passed cephalad

through iliac fossa abscess via psoas sheath to vertebral focus.

tive lesion of L3-L4. Aspiration of the ab-
scess was performed, and acid-fast bacilli
were demonstrated on smear. A total of
3,050 cc. of thick gray-green flocculent ma-
terial was aspirated from the abscess over
a 2-month period. The patient, who was re-
ceiving antituberculous drugs, never devel-
oped a sinus tract. Radiopaque dye was in-
jected into the buttock abscess but appar-
ently failed to pass through the sciatic notch
into the retroperitoneal space because of
fibrous is of the c ting path-
way (Fig, 5). A spinal fusion L2-L5 was
done in 1953. Today the patient is alive
and well.

3. Pathway: Retroperitoneal into

Both Thighs via Vascular Sheaths. A
27-year-old Negress. Entered the New
York Orthopaedic Hospital in 1951 with
low back pain of 6 months® duration. Roent-~
genograms revealed a destructive lesion of
the right side of the sacrum and the body of
L5. Biopsy of the right side of sacrum re-
vealed histologic evidence of tuberculosis.
A left thigh abscess was present which, when
aspirated, yielded 4,800 cc. of thick gray-
green flocculent material. Radiopague dye
injected into the abscess cavity passed
through the retroperitoneal space into the
opposite thigh (Fig. 6). A left hemifu-
sion L4-S1 was performed in 1951 and
was supplemented by right sacro-iliac and
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Fic. 5. 43-year-old Negro. (Top, left,
and bottom) Tuberculosis L3-L4. Large
buttock abscess via retroperitoneal route.
(Top, right) Dye in buttock abscess.

right L5-S1 fusions in 1953. The patient is
now well without complaints,

4. Pathway: Lumbar (Petit’s) Triangle.
A 6-year-old white female. Entered the
New York Orthopaedic Hospital in 1943
with progressive dorsal kyphosis of 2 years®
duration and a large nontender mass in the
right lumbar area. Aspiration of this abscess
was followed by a positive culture for acid-
fast bacilli. Roentgenograms revealed a de-
structive vertebral focus at DI12-L1 (Fig.
7). A spinal fusion D9-L4 was performed
in 1943, Ten years later, the patient was
symptom-free without cvidence of active
disease.

SUMMARY

The common anatomic pathways tracked
by tuberculous abscesses from the lower
dorsal and lumbar spine have been de-
scribed. Representative case reports from
the New York Orthopaedic Hospital, with
appropriate  roentgenograms and  clinical
photographs, have been included, illustrat-
ing these pathways,
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Trajectos Sequite per Tuberculotic Abscessos Dorso-Lumbar

Summario in Interlingua

Depost le advento de potente drogas anti-
tuberculotic, e diagnose ¢ le subsequente
tractamento de paravertebral abscessos tu-
berculotic ha experientiate grande altera-

Fi. 6, 27-year-old Negress, (Top, left and right} Tuberculosis of LS and right sid; .

tiones, Indofente trajectos sinusal ha prac-
ticamente disparite. Al Hospital Orthopedic
New York, un numero de tuberculotic ab-
scessos originasi del spina dorso-lumbar es-

i

of sacrum. Large thigh abscess via vascular sheath from retroperitones! $pacy ttom
. 3 e 51 't

€ pe‘ pace. {Bottom,

lefry Dye l!l‘ Iarge thigh & bscess. (Battom, rigi “') D)c‘ injected into lnrgc thigh abscess

P 1 space, into

PP thigh,
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seva recentemente studiate per medio del
injection directe de radio-opac substantias
colorante. Le resultato esseva un vivissime
demonstration del trajectos anatomic sequite
per iste abscessos.

Le frequentia de “frigide” abscessos as-
sociate con tuberculose vertebral varia ab
20 pro cento’ a 63 pro cento.* Apparente-
mente iste sequela es plus frequente in
morbo infero-dorsal e lumbar que in af-
fectiones del altere segmentos spinal. In un
serie recentemente reportate ab iste instituto,
Hallock ¢ Jones® trovava que 91 pro cento
del casos de tuberculose spinal ha lor origine
in le segmentos infero-dorsal, dorso-lumbar,
¢ lumbar.

Trajectos Anatomic. Figura 1 delinea
le tres commun trajectos sequite per ab-
scessos partiente ab le spina infero-dorsal
o lumbar. Forsan Ie plus frequente via pro-
grede intra le vama del musculo psoatic,
con presentation al fossa iliac o gravitation
a basso usque a nfra Je Jigamento inguinal,
usualmente al aspecto adductori del coxa.

Fi. 7. 6-yearold
white female. ~ (Lefr)
Tuberculosis DI2-L1:
large lumbar abscess.
{Right)  Tuberculosis
DI2-L1. (Hallock &
Jones: J. Bone & Joint
Surg. 36A:221 & 222)

Le abscesso pote penetrar (1) le anterior
Iigamento longitudinal del spina o (2) Ie
vaina psoatic ventral pro obtener accesso
al spatio retroperitoneal. Postea plure vias
es possibile. Le abscesso pote gravitar a in
le femore via le vaina vascular femoral o
presentar se al nates via le major 0 minor
incisura sciatic. Presentation ischio-rectal
es possibile. Etiam extensiones retroperi-
toneal a in le organos pelvic ha essite re-
portate. Le tertie via commun progrede a
transverso un sol fascia lumbo-dorsal verso
le triangulo de Petit, al latere del puncto ubi
le fascias lumbo-dorsal se separa in tres
stratos. Figura 2 e figura 3 illustra le tra-
jectos anatomic describite.

Es describite le commun trajectos ana-
tomic sequite per abscessos tuberculotic
partiente ab le spina infero-dorsal ¢ Jumbar.
Es includite, como illustrationes de ille tra-
jectos, reportos de  casos representative
ab le archivos del Hospital Orthopedic New
York, accompaniate de nppropriatc roent-
genogrammas ¢ photographias clinic.
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The Jan Zahradnicek Surgical Approach to
the Problem of Congenital Hip Dislocation

}. E. M. Tuomson, M.D.*

‘The expetiences of Professor Jan Zahrad-
nicek, while chief of the Fiest Clinic for
Orthopaedic Surgery of Charles University
in Prague, with the operative treatment of
congenital dislocation of the hip has been
50 extensive and well known in Europe that
it deserves wider dissemination in English
fiterature.

Having had the opportunity of working
for some time in the Prague clinic and see-
ing the excelient precision technic and re-
sults, as well as the ic response

veloped a limp and instability. At 20 years
of age, there were more with a limp, and
at 40 nearly all of those regarded early as
goad results had distinct disability in the
hip. Their feeling is that only about 10 per
cent of those treated by the manual reduc-
tion and plaster method showed satisfactory
results,

The gradual reduction of the dislocation,
by the use of the pillow appatatus of
Frejka and the biomechanical apparatus of

to the professor’s work of his devoted stu-
dents, assistants, followers and patients,
one cannot help being impressed and hav-
ing the highest respect for his accomplish-
ments, It is the purpose of the author in
this brief chapter to stimulate others to
consider his ideas, which have had such far-
reaching influence in  Central-European
countries.

The incidence of congenital distocation of
the hip in Central Europe is great, and the
increase was significant during the period
of World War 1 and shortly afterward, The
arthopaedic surgeons of these countries long
have recognized the shortcomings of the
conventional Lorenz and modified forcible
reductions of congenital dislocation of the
hip followed by long periods of restriction
in plaster of Parss casts. True, the early re-
stlts of many were quite good But at
puberty, quite a number of these patients de-

* Lincoln, Neb.

7

H k used in more stubborn cases, per-
mitted accomplishment of the reduction
without frauma and, as a result, with much
better functional outlook in later life.

The discussion of these methods is beyond
the scope of this chapter. However, there
were many cases that did not respond to
these gradual conservative reduction meth-
ods. This fact led Professor Zahradnicek to
study the factors that influenced these fail-
ures, His conclusions are that 1o have 2
permanent functional success in the treat-
ment of congenitat dislocation of the hip,
the normal anatomic relationships must be
re-established between the scetabulum and
the head and the neck of the femur and the
shaft. Further, the head must be centered
adequately in a well-farmed acetabulum; the
angle of the neck should be about 125° {not
much greater or not much less); and ante-
version must be corrected accurately, It is
the purpose of the surgical aperations de-
vised by Professor Zahradnicek to accom-
plish a restaration of normat hip relationship,
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The ideal time for operations is from 3
to 6 years of age. The earlier age is advisable
when conservative measures have shown
acknowledged failure. The older age is re-
served for those in whom the pathology is
not recogmized or for those who were neg-

FiG. 1. The T-incision for approach to the hip carried
from below the anterior superior spie downward across
the greater trochanter, back and upward toward the tu.
bercle of the ischium. Then the vertical limb of the T
begins over the center of the trochanter and extends
downward. The length is determined by the extent of
the procedure,

lected. Beyond the age of 6 years these
procedures are not advised,

TECHNIC

The Zahradnicek approach to the hip
comprises a T-shaped skin incision (Fig. 1)
performed with the patient lying on the
healthy side and the dislocated trochanter
and femur pointing directly upward toward
the surgeon.

‘The horizontal Jimb of the T is a curved
incision, extending from below the anterior
superior spine of the ilium downward over
the greater trochanter, backward and up-
ward toward the tuberosity of the ischium.
The vertical limb of the T begins over the
center of the trochanter and extends inferi-
orly. The length of this Jatter incision is
determined by the type and the extent of
operation planned for the particular case.
The horizontal incision follows somewhat

FIG. 2 (Left) A long oblique pretrochanteric ostcotomy ts performed. .
Fic. 3 (Righr) The soft tissue and the muscle are reflected upward and back
with the trochanter.
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the anterior border of the tensor fascia lata
dawnward across the trochanter and back-
ward across the mid-glutcus maximus; the
fascin Imta s cut transversely at the level
of the skin incision. The skin is reflected
aver the trochanter. A long oblique pre-
trochanteric osteotomy is performed, carry-
ing as much of the upper insertion of the
ghuteus maximus and all of the gluteus
medius and minimus (Fig, 2). This osteot-
omy should be as long and as oblique as
possible, and the soft tissues and the mus-
cles are reflected upward and backward with
the osteotomized greater trochanter (Fig,
3). This procedure exposes completely the
hip joint and the upper end of the femur
and gives a splendid vision for the correction
of coxa valga, coxa vara and anteversion;
it also provides an opportunity to ensure a
well-formed acetabulum for the proper cen-
tering of the head of the femur, Great em-
phasis is made on centering the head in a
well-formed acetabulum.

Having a view of the pathology to be
dealt with, the following methods are used

for correction of the various deformitics:

Should the common pathology of coxa
valga exist, a triongle wedge through the
trochanter is made with the base near the
lesser trochanter (Fig. 4, left). The size of
the wedge depends upon the degree of cor-
rection desired. After the wedge is removed
and the deformity has been corrected, a
flanged nail simifar to, but smaller than, a
Smith-Petersen nail is used to immobilize
the fragments after correction (Fig. 4, right).

The wedge that is removed may be used
as a shelf over the acetabulum if this is
deemed necessary to give the hip better
stability. The greater trochanter is brought
down and held by screws or smail mails,
and the patient is placed in a single spica
cast.

If the deformity with which we are deal-
ing is one of coxa vara, the triangular wedgs
is taken in the opposite direction with the
apex of the lesser trochanter and the base
through the great trochanter, the angle and
the size estimated to restore the neck to the
125° angle. After correction, again a flanged

Fio. 4. (Left) Congemtal dislocation with coxa v
ares 35 removed with the base downward. (Right)
removed may be used as a shelf above the acetabulum if needed, The head is seduced

;nlo the acetabulum, and the corrected neck is stablized with a flan,
Screw o a nail 13 used to secure the trochaster and the glutet in pla

alga. The wedgeshaped shaded
The wedge-shaped area that is

ged nail. Also,
ce.
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nail is inserted to maintain the fragments
in position. Again the wedge may be used
as before and the trochanter fixed in place,
as described previously (see Fig. 5).

In most of these cases of coxa valga or
coxa vara, there is a degree of anteversion
(Fig. 6) that must be considered in acquiring
the triangular wedge. The angle of the wedge
must be established so that when re-
moved, correction of this deformity can be
accomplished, However, in some of these
cases it is desirable to correct the antever-
sion before dealing with any other deformity.
In the correction of anteversion, the wedge
must be made with the base of the triangle
backward and downward. Figures 7 and 8
show the procedure diagrammatically.

We have long recognized the inadvisa-
bility of endeavoring to reduce the hip into
the original acetabulum when the head has
long been riding high on the ilium. Profes-
sor Zahradnicek solves the problem of bring-
ing the hip down to its original acetabulum
and reams out an adequate seat or shelf
above to ensure stability when the head is

reduced. If the head is forced into this cor-
rected relationship with undue pressure from
muscles, Professor Zahradnicek and his
workers have shown that not only will dis-
ability be ensured and constant but alse
aseptic necrosis of the head usually occurs.
For that reason he believes that the femur
should be shortened sufficiently so that the
reconstructed head and neck in the acetab-
vlum are not under stress or pressure after
correction. For that reason he takes an
oblique section out of the femur near the
greater trochanter, which will ensure the
125° angle of the shaft with the neck and
again stabilize the fragments with a flanged
nail with, at times, circumscribing stainless
steel wires (Fig. 9).

In all these corrective procedures the ex-
cess capsule and debris of the acetabulum
are removed.

AFTER-CARE

A spica cast 1s applied from the ribs ‘to
the toes in mild abduction, and the child
remains in this cast for 18 days The ex-

Fic 5. (Left) Should the hip have a coxa vara deformuty, the wedge ts taken

with the base above

corrected and stabihzed by flanged nail.

or a nail.

(Right) The wedge removed and deformity of the nech

The trochanter attached by a scfew
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F16. 6. {Tap) A congenital dislocation
of the hip with anteversion of the neck of
the femur. (Censer) Schematic appear-
ance of the head (Borton) Looking from
above downward m cross section the head
is ventral and above in relationship to the
acetabulum,

perience at Prague has led to the belief
that by this time sufficient adhesive bony
regeneration has taken place in the oblique
osteotomies that have been fixed with the
flanged nail to allow the patient to be in
bed with mild traction and balance suppost.
Exercises and movement now are en-
couraged, and physical therapy can be
started. This bed treatment is continued for
about 2 weeks Then the patient is allowed
10 be out of bed and to walk on crutches.
Fult weight-bearing without crutches shoutd
not be started for from 3 to 6 months, de-

Fi16. 7. (Top) In the correction of ante-
version the wedge has its base to the back.
{Bottom) Cross section of neck and head
showing the segment of the wedge re-
maved,

pending upon the roentgen evidence of good
healing and result.

1t is impossible for me to obtain accurate
figures of results, but, up to a few years
ago, Professor Zahradnicek and his asso-
ciates had performed from 100 to 150 such
operations each year, and the results that I
was privileged to examine, as the patients
appeared for routine checkups from 1 to 8
years after operation, seemed far more satis-
factory than many that I have seen in other
clinics,

Our modest experience with these technics
is not sufficient to justify personal conclu-
sions. To many, these procedures may seem
far afield from the orthodox concept of this
problem. However, there is much to incite
the imagination and provoke controversy
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nail is inserted to maintain the fragments
in position. Again the wedge may be used
as before and the trochanter fixed in place,
as described previously (see Fig. 5).

In most of these cases of coxa valga or
coxa vara, there is a degree of anteversion
(Fig. 6) that must be considered in acquiring
the triangular wedge. The angle of the wedge
must be established so that when re-
moved, correction of this deformity can be
accomplished. However, in some of these
cases it is desirable to correct the antever-
sion before dealing with any other deformity.
In the correction of anteversion, the wedge
must be made with the base of the triangle
backward and downward. Figures 7 and 8
show the procedure diagrammatically.

We have long recognized the inadvisa-
bility of endeavoring to reduce the hip into
the original acetabulum when the head has
long been riding high on the ilium. Profes-
sor Zahradnicek solves the problem of bring-
ing the hip down to its original acetabulum
and reams out an adequate seat or shelf
above to ensure stability when the head is

reduced. If the head is forced into this cor-
rected relationship with undue pressure from
muscles, Professor Zahradnicek and his
workers have shown that not only will dis-
ability be ensured and constant but also
aseptic necrosis of the head usually occurs.
For that reason he believes that the femur
should be shortened sufficiently so that the
reconstructed head and neck in the acetab-
ulam are not under stress or pressure after
correction. For that reason he takes an
oblique section out of the femur near the
greater trochanter, which will ensure the
125° angle of the shaft with the neck and
again stabilize the fragments with a flanged
nail with, at times, circumscribing stainless
steel wires (Fig. 9).

In all these corrective procedures the ex-
cess capsule and debris of the acetabulum
are removed.

AFTER-CARE

A spica cast is applied from the ribs 1o
the toes in mild abduction, and the child
remains in this cast for 18 days. The ex-

i ity, dee is taken
Fia. 5. (Left) Should the hip have a coxa vara deformity, the wedg
with the base above. (Right) The wedge removed and dcformﬂ{l %(.thcsgccc\"k
corrected and stabiized by flanged nail. The trochanter attached by a

or a nal.
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Fia. 6. (Top) A congenital dislocation
of the hip with anteversion of the neck of
the femur. (Center) Schematic appear-
ance of the head. {Hottom) Looking from
above downward mn cross section the head
is ventral and above in relationship to the
acetabulum,

perience at Praguc has led to the belief
that by this time sufficient adbesive bony
regeneration has taken place in the oblique
osteotomies that have been fixed with the
flanged nail to allow the patient to be in
bed with mild traction and balance support.
Exercises and movement now areé en-
couraged, and physical therapy can be
started. This bed treatment is continued for
about 2 weeks. Then the patient 15 allowed
10 be out of bed and to watk on crutches.
Full weight-bearing without crutches should
not be started for from 3 to 6 months, de-

Fia. 7. (Top) In the carrection of ante-
version the wedge has its base to the back.
{Bottom) Cross section of neck and head
showing the segment of the wedge re-
moved.

pending upon the roentgen evidence of good
healing and result.

1t is impossible for me to obtain accurate
figures of results, but, up to a few years
ago, Professor Zahradnicek and his asso-
ciates had performed from 100 ta 150 such
operations each year, and the results that I
was pnvileged to examine, as the patients
appeared for routine checkups from 1 to 8
years after operation, seemed far more satis-
factory than many that I have seen in other
clinics.

Our modest experience with these technics
is not sufficient to justify personal conclu-
sions. To many, these procedures may seem
far afield from the orthodox concept of this
problem. However, there is much to incite
the imagination and provoke controversy

sp—,



242 Jan Zahradnicek Surgical Approach

concerning the possibilities for the future of
patients so treated.

Dr. Vaclav Tosovsky and Dr. Jaroslav
Slavik, of the Zaharadnicek Clinic, who have
helped in the preparation of this material,
emphasize the following salient points in ex-
plaining the reasons for their results:

1. The age of the patient is limited to
those between 3 and 6 years.

2. Surgical exploration and correction
only can restore function.

3. This approach to the joint js less dam-
aging to vital circulation than any other.

4. Osteotomy and corrective wedges
through the trochanteric region with rich
blood supply tend to rapid bone healing.

5. Centering the head of the femur in
the natural habitat of the normal acetabular
position, even at the expense of shortening
the extremity, is a factor in ensuring a meas-
ure of good function,

6. Re-establishment of circulating equi-

FiG. 8. (Top) After correction of ante-

hb”un? in the he.ad is more likely to be m,:- version, (Center) Schematic relationship
complished readily under the above condi- of the head and the neck after correction.
tions of age, approach and corrective meas- (Bottom) Cross section after correction

ures. of the anteversion.

Fi6. 9. (Left) Professor Zahradmicek believes that in older children it is preferable to
shorten the leg by means of removal of an oblique section of the appropriate length just
below the trochanters and reduce the heads into the sue of the onginal acetabulum.
The acetabulum must be ad or reamed out to give good centering of the head

(Right) After reducing the head and shortening the femur the flanged nail is used to
stabilize the osteotomy.
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Le Problema del Congenite Dislocation Coxal ¢ s
Resolution Chirurgic Secundo e Methodo de Jan Zahradnicek

Summario in Interlingua

Le Isbores de professor Zahradnicek in
fe area del tractamento chirurgic de con-
genite dislocation coxal es si extense ¢ si
ben cognoscite in Europa que illos merita
un plus adequate representation in le Iit-
teratura de lingua anglese,

Zahradnicek e altere chirurgos de Europa
Central recognosceva le defectos def technica
conventionat de reduction forciate, ie. le
operation de Lorenz ¢ e modificationes de
illo, in tanto que le resultatos favorabils
amontava solmente a 10 pro cento, Per con-
sequente, professor Zahradnicek se sentiva
inducite a studiar le factores que causa tante
insuceessos, Su conclusion esseva que un
P 1 require le
restablimento del normal refation anatomic
inter acetabulo, capite, colo, e diaphyse del
femore. Le sequente es le considerationes
principat gque explica le bon successo del
methodo de Zahradnicek.

1. Le tempore ideal pro le operation
es inter le tertic ¢ I sexte anno del etate
del patiente.

per f

2. Exploration ¢ correction chirurgic es
indispensabile pro restaurar le functiones.

3. Le operation de Zahradnicek es minus
damnose al circulation vital que altere op-
erationes.

4. Rapide curation del osso es assecurate
per render le osteotomia le plus fonge e
le plus oblique possibile, durante que un
vision perfecte €5 obtenite per le reflexion
del musculo in alto ¢ in setro, e per placiar
le cuneos corrective a transverso le region
trochanteric que es ric in apporte de san-
guine. In certe casos, it es ver, on debe cor-
siger le anteversion in preparation al cor-
rection del deformitate.

5. Bon effectas functional es obtenite per
le placiamento central del capite femoral in
un normal position acetabular, mesmo si isto
resulta in un accur > del extr

6. Le restablimento del equilibrio circu-
Iatorl in le capite femoral es plus probabile
sub le supra-listate conditiones de etate del
patiente ¢ de mesurase corrective usate per
e chirurgo.
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concerning the possibilities for the future of
patients so treated.

Dr. Vaclav Tosovsky and Dr. Jaroslav
Stavik, of the Zaharadnicek Clinic, who have
helped in the preparation of this material,
emphasize the following salient points in ex-
plaining the reasons for their results:

1. The age of the patient is limited to
those between 3 and 6 years.

2. Surgical exploration and correction
only can restore function.

3. This approach to the joint is less dam-
aging to vital circulation than any other.

4. Osteotomy and corrective wedges
through the trochanteric region with rich
blood supply tend to rapid bone healing.

5. Centering the head of the femur in
the natural habitat of the normal acetabular
position, even at the expense of shortening
the extremity, is a factor in ensuring a meas-
ure of good function,

6. Re-establist of circulating equi- .
" . . . Fi6. 8. (Top) After correction of ante-
librium in the head is more likely to be ac- version, ((f‘entil) Schematic relationship
complished readrly under the above condi- of the head and the neck after correction.
tions of age, approach and corrective meas- (Bottom) Cross section after correction
ures, of the anteversion.

cferable to
length just
ginal acctabulum.
ring of the head.
d nail is used 10

F16. 9. (Left) Professor Zahradnicek believes that in older children it s pr
shorten the leg by means of removal of an oblique section of the appropriatc
below the trochanters and reduce the heads into the site of the ori
The bulum must be adeq or reamed out to give good cente!
(Right) After reducing the head and shortening the femur the flange
stabilize the ostcotomy
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Le Problema del Congenite Dislocation Coxal ¢ su
Resolution Chirurgic Sccundo le Methodo de Jan Zahradnicek

Sununario in Interlingua

Le labares de professor Zahraduicek in
fe area del tractamento chirurgic de con-
genite dislocation coxal es si extense ¢ si
ben cognoscite in Europa que iflos merita
un plus pdequate representation in le lit-
teratura de lingua anglese.

Zahradnicek ¢ altere chirargos de Europa
Central recognosceva le defectos del technica
conventional de reduction forciate, ie. le
operation de Lorenz e le modificationes de
illo, in tanto que le resultatos favorabile
amontava solmente a 10 pro cento. Per con-
sequente, professor Zahradnicek se sentiva
inducite a studiar le factores que causa tante
insuccessos. Su conclusion esseva que un
permanente successo functional require le
restablimento del normal relation anatomic
inter acetabulo, capite, colo, ¢ diaphyse del
femore. Le sequente es le considerationes
principal que explica le bon successo del
methodo de Zahradnicek,

1. Le tempore ideal pro le operation
es inter le tertie e le sexte anno del etate
del patiente.

2. Exploration e correction chirurgic es
indispensabile pro restaurar le functiones,

3. Le operation de Zahradnicek es minus
damnose al circulation vital que altere op-
erationes.

4. Rapide curation del osso s assecurate
per render le osteotomia le plus longe e
fe plus oblique possibile, durante que un
vision perfecte es obtenite per le reflexion
del musculo in alto e in retro, e per placiar
le cuneos corrective a transverso le region
trochanteric que es ric in apporto de san-
guine. In certe casos, il es ver, on debe cor-
riger Je anteversion in preparation al cor-
rection del deformitate.

5. Bon effectos functional es obtenite per
le placiamento central del capite femoral in
un normal position acetabular, mesmo si isto
resulta in un accur > del ex

6. Le restablimento del equilibrio circu-
Iatori in le capite femoral es plus probabile
sub le supra-fistate conditiones de etate del
patiente ¢ de mesurase corrective usate per
le chirurgo.




23

Carpometacarpal Dislocation

A Case Report

DonaLp T. JoNES, M.D,,* AND CHESTER W. ESKEy, M.D.*¥

Carpometacarpal dislocation of any one
or any combination of the medial 4 meta-
carpals is a relatively rare injury. In view
of this we feel justified in reporting this single
case.

Dislocation of all 4 medial metacarpals
is the most usual combination. Next in fre-
quency is isolated dislocation of the Sth
metacarpal, followed by dislocation of meta-
carpals 4 and 5 in combination. There are
10 reported cases of dislocation of the 2nd
and the 3rd metacarpals; this case is the
11th, Of the remaining combinations or iso-
lated dislocations there are fewer than 10
cases of any one type reported. Waugh and
Yancey in 1948 have tabulated these and
the dates of the initial reports in an excel-
lent extensively documented report. More
recently, Whitson has reviewed these and
added another case of posterior dislocation
of all 4 medial metacarpals. The usual dis-
placement is dorsal. In reviewing cases of
dislocation of the 2nd and the 3rd meta-
carpals simultancously, only one previous
volar dislocation was discovered

CASE REPORT

The patient, a 2)-ycar-old student, was
driving a tractor towing a steel girder. The
girder became caught, and the tractor
reared up. The patient dived off, attempting
to get clear. However, the rear wheel rolled

* Philadelphia, Pa.

across his chest, leaving a clear path of
abrasions from the anterior aspect of his
right shoulder across his sternum ending
just below the nipple line on the Icft. He
does not remember the tractor wheels roll-
ing over his hand.

The patient was seen within one half hour
following his injury. Examination and roent-
genograms on admission and subsequently,
with the exception of his right hand, failed
to show any injuries other than cxtensive
contusions and abrasions, although frac-
tures of the sternum, the left radius and pos-
terior dislocation of his left shoulder were
suspected at the time of his admission.

The right hand inttially showed a hema-
toma over the dorsal aspect of the 2nd and
the 3rd metacaspals and a palpable promi-
nence in the palm just medial to the thenar
eminence. There were no abrasions of the
skin of the hand to suggest direct trauma.
The swelling over the dorsum enlarged per-
ceptibly, and the palm became very tense
during the time requircd to take the roent-
genograms. The films revealed a fracture
of the distal phalanx of the 2nd finger and
volar dislocation of the 2nd and the 3rd
metacarpals with subluxation of the 4th
metacarpal in a radil direction. Ten cc. of
1 per cent procaine and 600 turbidity units
of hyaluranidase were injected from the
dorsal aspect into the palpable defect just
distal to the distal carpal row. Compression
was apphed with an Ace bandage and man-

244
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uafly for a period of 10 minutes, This gave

isfactory hesia, Strong on the
2nd and the 3rd fingers, coupled with pres-
sure over the metacarpal bases, reduced the
dislocation with an audible and palpable
crepitation.  Postreduction  rogntgenograms
showed satistactory reduction, The hand
was immobilized in flexion, the splints ex~
tending from the fingertips to the elbow,
Two weeks following injury the cast was
shartened to the distal palmar crease, and
finger motion was encouraged. The cast was
removed five weeks following reduction.
Follow-up rocntgenograms have shown

i of the reduction, and finger
motion has been improving steadily.

The rarity of these lesions, especially in
this industrialized age in which the hand is
subjected to such frequent and violent
trauma, testifies to the stability of the carpo-
metacarpal articulations of the medinl 4
metacarpals. The joints between the medial
4 metacarpals and the distal carpal row are

modified saddle joints. These joints derive
appreciable stability from both their bony
configuration and their supporting ligaments.
The 20d and the 3rd metacarpals are prac-
tically immobile on the distal carpal row
with the 4th metacarpal having slightly more
motion and the 5th metacarpal the greatest
amount. This motion is largely flexion and
extension. The distal carpal row presents
multiple irregular articolating surfpces for
the 4 medial metacarpals. The 2nd meta-
carpal is morticed securely between the
greater multangular and the and an
anteroposteriorly directed ridge on the lesser
multangulas fits securely into the proximal
end of the 2nd metacarpal, This bony sta-
bility of the 2nd metacarpal Jargely accounts
for the stability of the remaining carpo-
metacarpal asticulations. It particularly con-
trols radial or ulnar shift of the medial 4
metacarpals. Metacarpals 4 and 5 are per~
mitted some ulnar deviation by the sloping
distal surface of the hamate. The articular

Fie. 1. R

on admiss

tion of the 2nd and the 3rd metacs
of the 4th metacarpal in a ragia}
the proximal ends of the metacarpals and

phalanx 2nd finger,

to hospital show volar disloca-

tpals on the carpus and subluxation
direction; alse comminution about

a fracture of the distal
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capsule of the carpometacarpal joints unites
with the intercarpal capsules and is taut with
the exception of the 5th metacarpal. The
dorsal carpometacarpal ligaments and the
volar carpometacarpal ligaments, along with
the interosseous carpometacarpal ligament,
further enhance the stability. The articular
cavity is a continuation of the synovial cav-
ity of the intercarpal joints. In some instances
the articulation between the hamate and the
4th and the 5th metacarpals does not com-
municate with the common joint cavity

Both indirect and direct trauma have been
recorded as causing carpometacarpal dis-
location.

Experimental production of these injuries
on cadavers by Shorbe was possible only
after division of the dorsal and volar liga-
ments., Following division of the ligaments
the bases could be dislocated under direct
pressure with the hand in acute flexion.

Biacheri has noted the frequent occurrence
of laceration of the dorsal ligaments follow-
ing forceful flexion. Recurrence of dorsal
dislocation when splinted in flexion has been
reported by several authors. Bannes reports
a dorsal dislocation of the 2nd and the 3rd
metacarpal following trauma over the dorsal
aspect of the distal end, apparently indirectly
levering out the bases. A similar mechanism
is reported by Humbert and Berdach for
dorsal dislocation of the 2nd metacarpal
alone. However, direct trauma accounts for
probably the greatest number of cases.
Whitson gives as an example of the mech-
anism for dorsal dislocation the sudden ar-
rest of momentum of someone grasping a
steering wheel or handlebars. Orrillard cites
the case of a metal worker who was holding
his hand over a depression and sustained
direct trauma over the dorsum with subse-

Fig, 2. There 15 satisfactory reduction, which was held in a position
of flexion.
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quent volar dislocation of the 2nd and the
3rd metacarpals. )

Burk reports a case of dorsal dislocation
of the 2nd and the 3rd metacarpals follow-
ing a compressional force applied from the
radial to the ulnar side when his patient’s
hand was pinned under a stone.

The exact mechanism of injury in the case
reported is unknown, As noted previously,
the patient was unable to describe the mech-
anism, and there were no skin abrasions to
indicate that the wheel of the iractor had
run over his hand.

Traction on the fingers coupled with pres-
sure over the bases of the dislocated meta-
carpals s usually effective in yeducing the
dislocation if seen early. Late cases fre-
quently are impossible to reduce by closed
methods.

Bannes reports that he was unsuccessful
in reducing a dorsal dislocation of the 2nd
and the 3rd metacarpals, using traction on
both fingers coupled with pressure over the
bases. Of interest was the fact that traction
on the 3rd metacarpal alone with pressure
over the bases easily reduced the dislocation.

Bergasse and Guilmain were easily able
to reduce the dorsal dislocation of the 3rd
metacarpal; however, they had to resort 1o
open reduction for the dislocation of the
2nd metacarpal.

Orrillard’s case of vollar dislocation of
the 2nd and the 3rd metacarpal was easily
reduced and stable.

The position of stability for dorsal dis-
location is extension. Many authors report
recurrence of the dislocation following splint-
ing in flexion. Santy reports what he felt to be

a recurrence of dorsal dislocation of the 2nd
and the 3rd metacarpal when splinted in
flexion, Presumably, flexion is the position
of stability for volar dislocation Most au-
thors advise splinting for 2 to 4 weeks, de-
pending on the stability at the time of re-
duction,

Whitson states that the reduction is usu-
ally more stable if the mechanism was one
of indirect force.

1f, following reduction, the d’\s\ocador} is
unstable, transversely placed Kirschner wires
may be driven through the dislocated meta-
carpals into the adjacent normal mctacarpfd.
Waugh and Yancey reported a case of dis-
location of the 4th and the Sth metacarpals,
first seen 3% months following injury, satis-
factorily treated this way.

Bunnell states that “reduction is neces-
sary to restore muscle balance and proper
mechanics in the hand.” However, in most
instances excellent functional results are re-
ported in both those cases reduced with
maintenance of the reduction, and those in
whom reduction either was not done or in
whom it was not maintained. Watson-Jones
states, “There is relatively little functional
disability even if such displacements are
imperfectly corrected.”” Shorbe points this
out, as do Waugh and Yancey, and Whitson.
Therefore, careful evaluation is necessary
for those patients presenting with old dislo-
cations before open reduction is resorted
to. However, every attempt should be made
to obtain reduction in those cases seen early
and in those patients who require excellent
hand function,
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Dislocation Carpo-Metacarpal Reporto de un-Caso

Summario in Interlingua

Es reportate un caso de dislocation pal-
mar del secunde e tertie metacarpales. Isto
es le dece-prime caso de dislocation del se-
cunde e tertie metacarpales reportate in Ie
litteratura.

In le presente caso le exacte mechanismo
non es cognoscite. Le reduction esseva ef-
fectuate sub un pro cento de procaina, in-
filtrate localmente, per traction al secunde e
tertie digitos con pression directe super le
bases del dislocate metacarpales. Le immo-
bilisation esseva effectuate in un position de
flexion. Hlo esseva mantenite durante cinque
septimanas. Le plus grande stabilitate post-
reductional es assecurate in le position de
extension 1 casos de dislocation dorsal e
in le position de flexion in casos de disloca-

tion palmar. Le reportos publicate include
casos de trauma directe e de trauma indi-
recte como causa de dislocation carpo-
metacarpal.

Reduction per methodos claudite deberca
esser essayate in casos precoce, Usualmente
illo succede e remane stabile. Casos a pres-
entation tardive require possibilemente un
reduction aperte con fixation al adjacente
metacarpal normal effectyate per medio d:
filos de Kirschner in placiamento transversc.
Le perdita functional que resulta del non-
reduction o del reduction imperfecte de tal
dislocationes es inconsiderabile. Per con-
sequente, casos de presentation tardive de<
berea esser tractate per reduction aperic
solmente post Je plus caute reflexion.
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R. T. McELVENNY, M.D.*

The cost of medical care has beconme a
popular subject. Certain writers have seized
upon our medical profession and have tried
to have us enter into acrimonious debates
through the medium of the popular press.
These writers should define and delineate
their statements, Medical expense or cost
is that money paid to the physician for his
services, Hospital cost is that money paid
to a hospital for board, room, laundry and
personal services. Laboratory cost is that
money paid for anciflary services expressed
by various tests and procedures. Drug cost is
that money paid for various therapeutic aids
administered to the patient. Hospital charges
today usually include, in itemized form, the
cost of ancillary services and drugs, but the
charges for nursing services are masked.

Hospital costs run at high level, because
hospitals are not hotels, not homes, not
doctors” workshops, and not business es-
fablishments. To save life they require dif-
ferent construction and different attitudes
from anything else. Their equipment must
be varied and unusual, and though some of
it is seldom used, it is essential when needed.
A good hospital has this depth of reserve.
This is its function. It is built to preserve
and save life,

The time element has much to do with
these costs It costs far more today per hour

to treat a person. Money is demanded from
the patient in greater amounts at shortar in-
tervals; whether it gives more in purchasing
power than that which was dribbled out over
days and weeks formerly is debatable.

* Chicago, TW.
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Further, more people are going out the
front door well than formerly. Also, their
stay is shorter, and thus their total pro-
ductiveness on the job in man-hour days is
greater. This should be computed and de-
ducted from the hospital expense. Insurance-
wise, it is not the unit cost that is so dis-
couraging. It is the increasing number of
units multiplied by the cost, Health or life
is an intangible, Once either is lost, there is
no substitution or sublimation for it. To
preserve it or save it costs money and, as
more ways are found to do this, the cost per
hour increases. You do it, or you don’t do
it; it is an “all or none” proposition.

There are some problems of cost that
should be mentioned. The money necessary
to keep a hospital open for giving servics
to people must be obtained. To many of us
some methods of obtaining this money seem
to be somewhat odd. We do not question the
amount of money needed. We question only
the method of obtaining it.

For instance, hospitals usually load the
charges for ancillary services and drugs in-
stead of further increasing the room rate.
This practice is deplorable because:

1. Patients who require extra services are
forced to carry part of the room charge Joad
of patients who do not require extensive
ancillary services.

2. Most ancillary services, such as lab-
oratory, roentgenology, pathology and anes-
thesia end in figures, pictures, slides or ma-
chines, all of which are inanimate and mean
nothing until brought to life by a trained,
skilled physician. The cost, plus a reason-
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Dislocation Carpo-Metacarpal Reporto de un-Caso

Summario in Interlingua

Es reportate un caso de dislocation pal-
mar del secunde e tertte metacarpales. Isto
es le dece-prime caso de dislocation del se-
cunde e tertie metacarpales reportate in Iz
litteratura.

In le presente caso le exacte mechanismo
non es cognoscite. Le reduction esseva ef-
fectuate sub un pro cento de procaina, in-
filtrate localmente, per traction al secunde e
tertie digitos con pression directe super le
bases del dislocate metacarpales. Le immo-
bilisation csseva effectuate in un position de
flexion Illo esseva mantenite durante cinque
septimanas. Le plus grande stabilitate post-
reductional es assecurate in le position de
extension in casos de dislocation dorsal e
in le position de flexion in casos de disloca-

tion palmar. Le reportos publicate includ.c
casos de trauma directe e de trauma indi-
recte coma causa de dislocation carpo-
metacarpal.

Reduction per methodos claudite deberea
esser essayate in casos precoce. Usualmente
illo succede e remane stabile. Casos a pres-
entation tardive require possibilemente un
reduction aperte con fixation al adjacente
metacarpal normal effectvate per medio d2
filos de Kirschner in placiamento transverse.
Le perdita functional que resulta del non-
reduction o del reduction imperfecte de tal
dislocationes es inconsiderabile. Per con-
sequente, casos de prcscmmion tardive de-
berea esser tractate per reduction apene
solmente post Je plus caute reflexion.
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The cost of medical care has become a
poputar subject. Certain writers have seized
upon our medical profession and have tried
to have us enter into acrimonious debates
through the medium of the popular press.
These writers should define and delineate
their statements. Medical expense or cost
is that money paid to the physician for his
services. Hospital cost is that money paid
to a hospital for board, room, laundry and
personal services. Laboratory cost is that
money paid for ancillary services expressed
by various tests and procedures. Drug cost is
that money paid for various therapeutic aids
administered to the patient. Hospital charges
today usually include, in itemized form, the
cost of ancillary services and drugs, but the
charges for nursing services are masked.

Hospital costs run at high level, because
hospitals are not hotels, not homes, not
doctors’ workshops, and not business es-
tablishments, To save life they require dif-
ferent construction and different attitudes
from anything else. Their equipment must
be varied and unusual, and though some of
it is seldom used, it is essential when needed.
A pood hospital has this depth of reserve.
This is its function. It is built to preserve
and save life.

The time element has much to do with
these costs. It costs far more today per hour
to treat a person. Money is demanded from
the patient in greater amounts at shoster in-
tervals; whether it gives more in purchasing

power than that which was dribbled out over
days and weeks formerly is debatable.

* Chicago, HL
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Further, more people are going out the
front door well than formerly. Also, their
stay is shorter, and thus their total pro-
ductiveness on the job in man-hour days is
greater. This should be computed and de-
ducted from the hospital expense. Insurance-
wise, it is not the unit cost that is so dis-
couraging. It is the increasing number of
units multiplied by the cost. Health or life
is an intangible. Once either is lost, there is
no substitution or sublimation for it. To
preserve it of save jt costs money and, as
more ways are found to do this, the cost per
hour increases. You do it, or you don’t do
it; it is an “all or none” proposition.

There are some problems of cost that
should be mentioned. The money necessary
to keep a hospital open for giving service
to people must be obtained. To many of us
some methods of obtaining this money seem
10 be somewhat odd. We do not guestion the
amount of money needed. We question only
the method of obtaining it.

For instance, hospitals usually load the
charges for ancillary services and drugs in-
stead of further increasing the room rate.
This practice is deplorable because:

1. Patients who require extra services are
forced to carry part of the room charge load
of patients who do not require extensive
ancillary services.

2. Most ancillary services, such as lab-
oratory, roentgenology, pathology and anes-
thesia end in figures, pictures, slides or ma-
chines, all of which are inanimate and mean
nothing until brought to life by a trained,
skilled physician. The cost, plus a reason-
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able overcharge for these inanimate objects,
is easily determined and js the fair charge.
Hospitals usually charge this, plus the in-
terpretation of the physician. These sery-
ices belong to medical personnel and are of
value only in this sphere. This sad situation
either must be changed or all must suffer
in silence.

3. Free care by voluntary hospitals,
given from running expenses, is becoming
quite vnusual in the presemt day. Various
charitable funds, agencies and insurance
plans have taken over the free bed fo the
point that, while it may be free to the pa-
tient, the hospital is reimbursed for the most
part. The professional services provided by
the physician in most cases are given with
little or no charge.

Hospital management should be required
to charge adequately for the services that
they can render but to stay out of the sphere
of the physician, Then the cost of ancillary
services can be somewhat more realistic.

We have waited in vain for a popular ar-
ticle to state clearly that medicat fees that
the patient pays the physician have not even
doubled in the past 15 years, while during
this time hospital costs have trebled or
quadrupled, as have drug costs.

In the author’s territory, prior to 1945,
the National Foundation for Infantile Pa-
ralysis paid the physician $75 for a major
procedure. At the same time, this foundation
paid the hospital $4.40 a day for the pa-
tient’s care.

At the present time, this foundation pays
the physician $100 for any major proce-
dure or multiples of it done at one time for
the same condition. The tap fee is $175 for
multiple operations, multiple cast changes
and other care, even 1 a Jong-drawn-out
procedure such as treatment of spinal curva-
ture, The hospital now receives a basic re-
munesation from this foundation of approxi-

mately $21 a day. The physician™ fee (and
these fees are sct by commuttees of physi-
cians working with the foundation) has
tisen from $75 to $100 for a major proce-

dure, while the hospital cost has risen from
$4.40 a day to $21 a day,

Those who have written on the subject of
hospital charges have failed to show the
division of costs and services between those
that are attributable to the lay management
and those that come from the physician.
Only by a comparison of these is a fair in-
terpretation possible.

In the public’s mind, cost to the patient
for his physician, his hospital and his drugs
are all grouped at the physician's level. This
fact should be welcomed by the medical
fraternity, but if we accept this respounsi-
bility, we have a covenant with the public
to assume the responsibility actively, I we
do so, we can maintain our many special
privileges. To point this wp, a few facts
should be cited, namely:

1. The quality of a hospital staff de-
termines hospital occupancy,

2. The physician originates the occupant
of the hospital. If he originates the occupant,
he eventually could control the source of
hospital usage.

3. If the physician contrals this usage, he
can determine to a large extent where, when,
why and how a patient enters 2 hospital.
This has great bearing on hospital manage-
ment, hospital service, hospital costs, hos-
pital construction and hospital utilization.

4. The physician must learn that control
of source, or the control of the money that
determines source, must ultimately determine
program. Our profession must participate in
this problem of control if we are not to be-
tray the public and allow them to prove to
themselves how mediocere care can become
when others control source, supply, facilities
and the physician himself, .

5. More and more the physician is al-
lowing the hospital to become invobi'cd
with expensive facilitics for treating the sick
and then wtilizing these facilities for ex-
amination of the presumably well. “This un-
necessary utilization points up two facts:

A. Many people are poing abt}u! their
daily lives with conditions that, with carly
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diagnosis, might have been prevented or
corrected.

B. Hospital space meant for preserva-
tion of life is utilized for care of people who
are not sick.

These two factors tic in with rise or fall
of hospital costs. It is evident that, only as
medical expense rises slightly, can hospital
costs §all markedly. The net profit to the
consumer lies in a halt in the sise of hospital
insurance costs through diminished unnec-
essary hospital utilization, The physician’s
services arc present, whether or not the pa-
tient is in a hospital.

The public has the belief that diagnostic
aids, known as tests, are the things on which
a diagnosis or detection is made. These diag-
nostic aids mean nothing until evaluated
by an able diagnostician. In one series I
know of, faboratory examinations taken in
mass turned up only 30 per cent of condi-
tions unearthed. The diagnosticians, by care-
ful and detailed histories and examinations,
diagnosed the other 70 per cent. These tests
are but tools of good medicine. It certainly
is not necessary to build hospital beds to
provide these tests.

A hospital is a place offering superior
equipment for the use of a physician in
treating the sick and the injured and is
geared to this end. A dactor’s office is geared
to interviewing and, at times, treating the
sick and the injured. Diagnostic aids are
needed between the office and the hospital,
and these can be erected at much less cost
than are hospital beds. Such centers should

be created in conjupction with any group
of medical examiners skilled in diagnosis of
physical and mental states. They should be
established as extensions either of hospitals
or of physicians’ offices.

_ These estabhishments are geared and de-
signed for the consumer and establish free
communication between the patient and the
P.h)'sician. The patient sees that his physi-
Cian, rather than the tests themselves, is of

primary importance to diagnosis of his com-
Plaint.

Facilities of this nature would save many
hospital beds so much more needed for defin-
itive treatment of the sick, for rescarch and
for the training of youth.

One such facility is compiling statistics
that are appalling in the frequency of pa-
thology revealed in physical and mental suc-
veys in presumably healthy individuals, 70
per cent of whom are under the age of 50.
In most instances, the individual was un-
aware of his condition.

To attack this problem, we pose a few
questions:

1. Has this patient ever been examined
by a physician?

2. Would this newly discovered condi-
tion be found by any physician?

3. Do these facts indicate that physicians
who concentrate on this work in a place
designed for complete examination and diag-
nostic work-up unearth conditions and prob-
lems never before appreciated?

THE PHYSICIAN'S FEE

The quality of the physician and his hos~
pital makes them deliver the same bill of
goods to the indigent patient as to the one
who can and does pay well. This quality of
heart, head and hand must not betray us.

We know little of pay-for-service; in fact,
many of our services are never paid for. We
know mainly that we try to maintain and
improve upon the things we do well. We do
not fulfill desires of people; rather, we suc-
cor people in distress, without regard to
race, creed, color or financial status. In no
other realm but the church is service to
people given so freely.

There is no such thing as “cheap” medical
care, and people should be made aware of
this fact. Good service is, of necessity, ex-
pensive service. The test of cost of any serv-
ice is not the cost per unit, but the total cost
of ail units of service delivered. Therefore,
as regards the sick and the injured, we hope
to treat fewer and fewer of them for more
and more money per unit, For the well, we
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hope to examine more and more for less and
less per unit, '

Statistics to reveal the actual cost per
unit of physicians® service should include all
services delivered by physicians—to totally
free and part-pay patients, as well as to full-
pay patients.

THE PHYSICIAN IN RELATION
TO CORPORATIONS

We speak of our cathedrals of Jearning
as educational institutions, but they are mere
repositories  of accumulated knowledge.
They produce educated people only if they
are staffed by educators. An educator is a
man who leads a mind forth. He stimulates
it to gather knowledge, not for the sake of
static parroting of what is known or thought
to be known but to stimulate visions of
things new, good, or useful. An educated
man does not require a college degree; he
requires only an endowment of capacity and
the blessing of an educator. Then he pro-
duces.

Today, many people attend higher insti-
tutions of learning and acquire new tools,
with which they explore new fields. Many
give little thought or consideration to the
tremendous importance of tradition and
heritage.

The term “doctor” means teacher or
guide. Historically, members of the profes-
sions have been the educated ones, the
learned ones, the molders of society. The
good brains of these groups have been beau-
tful, gentle and gifted; their predominant
characteristics have been compassion and
subtlety. They have served as advisers and
referees through the ages,

Times may have changed. Technologic
advances have been great, and some of them
horrifying. The professions should take an
active part m the applications of these ad-
vancements,

In a look at ourselves, certamn himitations
become evident

1. We lack standards of evaluation, sta-
tistically speaking

A. Often we cite too few cases.

B. We have not done enough statistical
work to prove the things that we contend.

2. Our historical viewpoint of the physi-
cian sometimes fogs our perception of pres-
ent-day medical needs. In times past, the
patient first collapsed and then was carried
away.

3. Preventive medicine at its present
stage is concerned mainly with early de-
tection. We examine the patient’s body, ex-
plore his frustrations and his complexes and
stir up the fire of his Id. Then we hustle him
off to a foreign environment where he must
make new adjustments and be introduced
to new tensions and old loneliness, on the
theory that this will cure his difficulties in
his regular environment. What happens? He
spends 2 weeks or 6 months and then re-
turns to the old grind, with the old chains
that bind him. He has not worked out a
single problem mn his home environment.
He has only been fattened for the kill.

These factors have great bearing on the
conduct of modern management, whether
private or governmental. Management \vi]l
spend any amount of money to reduce uni:
cost and eliminate “cripples” in the produc-
tion line. Management spends a great d.ea]
recruiting and training men. If the question
of saving these employees’ most precious’and
irreplaceable element — the mind — arises,
management will buy health resorts, duck
blinds, hotels and even hospitals, but 1_10“'
little they spend on the essential ingredient
~the physician!

Management must understand that 2 hos-
pital should not serve as an escape. The
physician, by dealing with the active prob-
lems, can teach the individual that he cannot
escape and that he must work out his prob-
lems while maintaining his cnvimnmc.nl-
Management must realize that peace of mind
means rest in normal environment—a state
far superior to rest, without peace of mind,
in an abnormal environment.

Management must understand that recrea-
tion has a place but is not a curc, and some-
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Conclusions

times not much help over a life span. Man-
agement must persuade the individual that
he must either modify himself or his environ-
ment. Management must be shown that therc
is no such thing as “cheap” medical care.

Top management should concede that it
needs a physician to sit in on top decisions
regarding care of employes, and that the
cost of this strategist in the most vital field
of all—the individual—comes high. All bus-
iness attempts to get larger and larger ag-
gregates of capital in an attempt to cut
down unit cost, without realizing that fre-
quently the cost of the physician is offset
by the great reduction in the casualty list.

Let us cite a few points concerning man-
agement:

1. A large business organization sends
many of its key men on a flight which is
lost. What then?

2. An executive starts for Chicago and
ends in Louisville, a victim of amnesia. This
man’s company has a large medical setup,
but the staff is working on the routine ex-
amination level,

3. A pgreat leader, who anyone could
see was only a shell, is allowed to guide his
people at world-shaping conferences. What
is the medical story on this?

4. The motor car manufacturers need
top medical thinking. We need cars that are
geared for our present roads and people—
not geared for conditions that may exist 25
years from now. We need cars designed to
preserve life and limb and, if this were
done, thousands more car owners would be
around to buy new models, and the medical
an.d funeral expenses would go down sur-
prisingly.

Why do situations such as these exist? In
the first place, the physician has not taught
management to think correctly about these
problems, because the physician has not
thought himself into the problem, and there-
fore has not become a teacher and a strate-
gist for top management, Secondly, many
times the physician in industry has taken
too cheap a view of his own function.

In a corporation, as in many other socio-
logic phenomena, good things often start
at the top and then filter down. To reach
the masses, the enlistment of management
is essential. Therefore, our main duty in in-
dustrial medicine is to determine the en-
vironment factors that enable a man to en-
joy his job, his home and himself.

If we, as physicians, think ourselves into
this problem of becoming advisers and strat-
egists for management, we can, by our pe-
culiar background, do much. When in top-
level conferences, the physician must ask
himself, “What will this do to the people
involved in this decision?”

CONCLUSIONS

Physicians can help correct the lack of
awareness, lack of courage and lack of vision
that characterize many of our modern tools
of living.

Also, they can cut down phony escapes
into hospitals, nursing homes, sanatoria and
watering places.

The physician must become more active
in these spheres and he must interject his
thinking more realistically into the planning
of management, be it private or govern-
mental in nature.
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Industry makes great efforts and expends ToOTAL ACCIDENTAL INJURIES, 1953*
large funds to improve public r.e]zmons. Pri- 1. Motor vehicle .............. 1,250,000
vate utilities, the huge power, light and fuel 5" pupjic nonwork
companies, are especially concerned. As nonmotor vehicle ........... 2,000,000
relative monopolies, they realize that the 3. Industry - 2,000,000
power to tax and to regulate, so closely al- 4. Home .ovvininiiiiniis 4,350,000
lied with public opinion, may suppress or 9,600,000

eliminate them, A fairly accurate index of
public favor or dislike is available for tabu-
lation in the press and in all methods of
publication. Public relations departments
analyze and grade the reactions. On this basis
public disfavor of the medical profession is
greater than of the private utilities. As an
individual the doctor is beloved. As a group
the medical profession is distrusted.

Public relations have been considered
seriously by profound members of the pro-
fession. The address of the chairman of the
American Academy of Orthopaedic Sur-
geons, Dr. Guy Caldwell, was devoted to
this subject. The American Medical Asso-
ciation nationally and many of the state and
the local societies are becoming conscious
of the need to improve this phase of medical
practice. A facet of public relations to which
all doctors must be exposed 15 the medico-
legal aspect. This anses mostly out of either
of two forces—1trauma or crime.

The average physician will not concern
himself too much with cnime. as this belongs
to forensic medicine In this, a traumatic
age, onc rarcly may 1solate medtcat pmctice
from the medicolegal aspects of trauma.

* Akron, Ohio
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* National Safety Council: Accident Facts, 1954,

CLASS 1. MOTOR VEHICLE

A million and a quarter motor-vehicle
injuries reported. Perhaps there were addi-
tional ones; especially so in some states ﬂ]at
do not require or enforce the 24-hour in-
jury report law, Since most of these oc-
curred in the more populous areas, where
the report laws and enforced insurance cov-
erage are the rule, a goodly proponior! of
the number required investigation, adjudica-
tion or litigation. A fair estimate puts about
10 per cent, or roughly 100,000, mvolvn.ng
the filing of a law suit, if not formal trial.

CLASS 2. PUBLIC NONWORK
NONMOTOR VEHICLE

Two mullion injurics represent, possxbly,
a lower rate of medicolegal union. Never-
theless, the mode of injury in this category
frequently connotes insurance Fovcragc._ln-
junes occurring in merchandising csmbllfh-
ments, elevator doors, revolving doors, slfp-
pery floors, escalators and such, where lia-
bility was established demanded medical pro-
fessional care and jts associated medico-
legal attention.
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CLASS 3. INJURIES IN INDUSTRY

Another 2 million injuries indicate com-
plete professional attention—not necessarily
doctars of medicine. To be valid, an indus-
trial commiission or an insurance work claim
must have a practitioner’s signature, Most
of these cases may have been trivial, but
100,000 or more—based upon a state aver-
age—wete serious. They required disability
analysis, Jitigation and/or formal medico-
legal atteation.

CLASS 4.
HOME ACCIDENTAL INJURIES

A number almost equal fo the other 3 of-
fers the feast opportunity for medicolegal
participation. } lability insurance or com-
prehensive insurance was involved, never-
theless the occasion for controversy arose
and the inevitable association, neutral ex-
amination and possible litigation.

Increasing numbers of mjury claims are
processed each year. Many disability reports,
analyses and court trials are involved In
the moderate-sized and the large-sized com-
munities and palities many pati
who survived after serious traumatic injuries
were the orthopaedist’s problems. It is rea-
sonably certain that the care was excellent.
However, one is not sure that the average
orthopaedist has represented himself and his
profession as excellently to the public and
n court. Specifically, what kind of expert
medical witness does an orthopaedist make?

There are many excellent textbooks on
medicolegal medicine describing the “doctor
n court” and his asseciating with the faw.
The subject is quite alive in the current
medical fiterature. McBride's, Schneider’s
and Eaton’s instructional course lectures
on this subject at the Academy Meetings
re crowded. The A M. A. national jour-
nal and all the state and the county publi-
cations show increasing interest in this phase
of medicat practice, No known assay of
public reaction 1o this phase of public rela-
uens 15 recorded,

Three classifications of witnessing condi-
tions are cited in the state of Ohio: (1)
witness of fact; (2) professional medical
witness; (3) medicat expert witness.

As is true of any other citizen, a doctor
may be subject to subpeona for witness of
facts, professional or otherwise, If e was at
the scene when a crime or an accident oc-
curred, obviously he must be available for
testimony. This fact has not been sufficiently
impressed upon medical students and on
house doctors whose contact with the pa-
tients and their records may be needed in
court at any time. It should be reiterated
that what is said or written about patients
may receive headline publicity, or it may
have to be repeated under oath in court.
More emphasis should be placed on the need
for the accuracy of medical records and for
their sanctity.

A professional witness is recognized as the
attending physician whose records and tes-
timony are needed to outline the patient’s
case by deseription of care, disability, ex-
pense and the like. He may or may not nec~
essanly be an experl.

The third category—and the one most ap~
plicable—is the expert medical witness, de-
fined as one whose qualifications, experi-
ence and character or integrity make him
invaluable, possibly indispensable, in the
matter of disability analysis in compensation
work or testimony. Apparently, the courts
make no issue of his attributes. Credentials
required by most accredited hospitals for
active staff appointment and by certifying
bodies in medical practice and/or their
equivalent are the accepted criteria.

Experience as a factor 1s difficult to define.
It is that which the younger man thinks he
kas but an glder man knows he has not, To
quote a medical friend, “Experience cer-
tainly is not hereditary.” Advice to the
younger men and the beginners in court work
may be summed up in 4 saymg attributed to
Davy Cruckett, “Better get a Iot of fur on
your tail before they start shooting at you"

It was felt that doclors of medicine gen-
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erally and orthopaedic surgeons specifically
were of high integrity and good character.
Snatches of social conversation with various
groups indicated that this was not so. There-
fore, an attempt was made on a local com-
munity basis to obtain an answer to certain
questions which will be outlined. It was done
in the mood of the philosopher, not in the
role of the prosecutor. Interviewed at length
were judges, industrial commission referees,
adjusters, trial lawyers (both reputed plain-
tiff and defending types), court reporters
and jurors.

QUESTIONS ASKED

Question 1. Do doctors (orthopaedists)
impress you as wholly honest and sincere in
their court testimony and in the medicolegal
relations?

Question 2. What js your reaction when
diametrically opposed testimony is offered
by opposing experts (plaintifi’s expert vs.
defendant’s expert)?

Question 3. What qualities and/or char-
acteristics of the experts are most eflective?

Question 4. Could you suggest any im-
provements?

JUDGES INTERVIEWED

The 4 judges interviewed were common
pleas or appellate jurists of 25 or more years’
judicial experience. The common pleas court
judges hear many personal injury trial cases,
and the appeal court judge had and does
have extensive judicial experience with this
form of hitigation.

Their answers to the questions were:

Question 1. Three, Yes. One, No.

Question 2. Two, “Differences are logical
and honest,” and 1 of them continued, “Take
the United States Supreme Court, for in-
stance; rarely is there a unammous decision
from this body.” Two, “Doctors can be hired
for any form of testimony ™

Question 3. All 4 judges remarked, “Sim-
plicsty of Janguage.” Three menuoned an at-
ttude of humibty (“I could be wrong™)
Three said, “Effective speaking voice.” All

4 said that the integrity, the reputation and
the known character of the particular med-
ical witness played a most important role,

INDUSTRIAL REFEREES AND THEIR STAFFS
{4 INDIVIDUALS)

A word of explanation about the indus-
trial referees and the hearings and the re-
hearings. These procedures are held in cir-
cumstances and in a calmer atmosphere than
is the trial by jury. An expert is sworn, but
the procedure is less formal. Rarely are
more than 5 or 6 people present. All are
seated. “Off the record” talks are held fre-
quently. The hypothetic question comprises
the nucleus of the situation. The pro or con
role of the expert is to affirm or deny, prin-
cipally the causative relationship of the hy-
pothesis to the alleged disability.

The referees and their staffs hear much
testimony from all varieties of medical ex-
pert witnesses. They answered the 4 ques-
tions as follows:

Question 1. Two, Yes. Two, No.

Question 2, “Doctors may honestly dis-
agree. Medicine is an inexact science.” Two
said, “Doctors are for hire.”

Question 3. Four agreed on 1 item, namely,
that the reputation and the character o the
expert witness comprised the most important
factor.

Question 4. As to the improvement, they
suggested that better records could be kept,
especially as to what appeared to be 2 rather
trifling matter of inaccuracies: distinction be-
tween right and left, for instance; or the
identity of the finger or the toe involved.

ATTORNEYS INTERVIEWED

Twelve attorneys interviewed—all with ex-
tensive court expericnce, both in defense and
plamtifl cases, answered:

Question 1. Eight, Yes. Four, No.

Question 2. Eight said cssentially, “I can
find a doctor to testify to anything needed:
Four said, “Doctors are honest and not for
hire.”

Question 3. The attorneys cited again the
character, the integrity and the reputation of
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the medical expert witness, To quote some of
their remarks: “An expert medical witness
is one whose opinion I would accept on
either side.” “He docsn't need to be under
oath.” He setties the case out of court, etc.”

Question 4. As to suggestions and to im-
pro they all empl ized the need
for pre-trial conferences with the doctors; the
need for more prompt submission of reports
and greater accuracy as to dates and other
trivia not usually considered to be too im-
portant by the doctors.

ADJUSTERS INTERVIEWED

Four adjusters answered as follows:

Question 1. One, Yes. Three, No,

Question 2. The patient’s expert—if he
is one—is going “to slant his testimony in
favor of his patient.” Two said, “Most of
them are honest, but naturally they are
swayed by the side that is paying them.”

Question 3. All 4 agreed on age, experi-
ence and reputation,

Question 4, Conferences with the at-
torneys and the adjusters about the facts
of the case. More prompt submission of re-
ports; more accurate estimate of disability
figures.

CoURT REPORTERS

Court reporters, two in number, were of
no help. Both said that they were too busy
taking down notes to analyze, However,
both said that they wished that the doctor
would talk louder and slower.

JURORS INTERVIEWED

The jurors interviewed—with great dif-
ficulty—were asked one question only:
. Question 1. The cases selected were those
in which there was a wide difference of
opinion between the attending doctor and
the defense expert, Nevertheless, all felt that
both doctors were honest. Such vanations
Wwere explainable on the basis of logical dif-
ference of opimon One got the impression
that the jurors saw the facts with the eyes

of the attorney who impressed them most.
A doctor’s wife, who was a juror, said, “My
husband differs and argues with his associ-
ates all the time, I suppose he would do the
same in court.”

CONCLUSION AND SUMMARY

On the whole, the reaction of various lev-
cls of the public to the medical professional
expert witness (orthopaedists) was found to
be quite favorable in a small sampling taken
on a local community basis. The objectivity
of most of the factors involved probably ex-
plains this fact. Cited most frequently as the
most important attribute to be brought to
court or to back a report was the personal
reputation of a doctor. Of all the groups
interviewed, the least impressed by the doc-
tor’s integrity were the industrial commission
referees. At times, the fantastic connections
made by testimony regarding the aggravating
factors and the causes of some well-known
disease of spontaneous onset probably were
responsible for their derogatory attitude.

BIBLIOGRAPHY

Am. Coll. Surgeons: The hospital medical
library, 1947.

Gonzales, T. A.: The needs for improvement
in medicolegal investigations, New England
J. Med. 215:385-388, 1936.

Magnuson, P. B.: The doctor as a witness
before industrial commissions, n.d.

O’Dunne, E.: The doctor as a witness, M.
Clin North America 25:303-311, 1941,

Regan, L. J.: Important aspects of legal
medicine, Ann. West. Med. & Surg. 3:162-
164, 1949.

Stone, R. A.: Medical testimony, Minnesota
Med, 24:532, 1941,

Sulzberger, M., Jr.. What every physician
should know about cross-examination, Bull.
New York Acad Med. 18:665-692, 1942.

Trostler, 1. S.: The physician as a witness,
Ilhnois M. 1. 104:189-193, 1953.

Winston, Smuth Hubert, ed.: Scientfic Proof
and Relations of Law and Medicine, Urbana,
Umn. 1llinois, 1946.



258  The Expert Medical Witness

Le Experte Testificator Medical

Summario in Interlingua

Commentos es presentate super le rela-
tiones public del profession medical. Es sub-
lineate e facto que le majoritate del medicos
associa “relationes public® con activitates
medico-legal, Se signala Ie crescente inciden-
tia de vulneres accidental. Es presentate es-
timationes del aspectos medico-legal del an-
nual total de 10.000.000 casos de vulnere.
Le varie rolos del medico como testificator
es describite, Es sublineate in isto le quali-
ficationes del testificante experto medical.

Esseva executate un scrutinio inter le grup-
pos e le institutiones que se trova professional-
mente in intimissime association con medicos
in le campo del activitates medico-legal. Ju-

dices, arbitros de Commissiones Industrial,
adjustatores, advocatos, membros det per-
sonal de corte, e juratos esseva interrogate in
re Jor experientias e/o opiniones concernente
le qualificationes e le integritate de medicos in
le rolo de testificatores. Le responsas e re-
actiones esseva registrate,

De accordo con le expectationes, le re-
sponsas al quatro questiones usate variava
considerabilemente. Certe responsas es ci-
tate in forma directe. Le majoritate del opin-
iones esseva favorabile. 1I pare que on rec-
ognosce que le practicantes de un scientia
inexacte ha le derecto de differer honeste-
mente in lor opiniones.
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Introduction to Supplementary Safety: The
Crash-Impact Engineering Point of View

Jacos Kurowsky, M.D.

This symposium, written primarily for

Tini is being presented in 2 sort of
retrograde fashion; that is, from the resultant
crash injuries thraugh etiology and ulti-
mately to the prevention of the accidents
themsetves. Part 2 will deal with etiologic
factors in the physical sense of the word,
or the so-called ceash-impact engineering
point of view, as it relates to crash injuries
per se. The real causes of the accidents will
be discussed in Part 3, to be published in
the 1957 Spring Issue of Clinical Ortho-
paedics. It will become more and more
evident to the reader that the problems in-
volved in motoring injuries and motoring
safety nclude a variety of psychosomatic
and mechanical factors which tend to blur
into one another as one delves deeper into
its multifaceted aspects and challenges. This
truth cannot dim the importance—human
nature besng what jt is~—of a discipline which
ams at the reduction, prevention and/or
moderation of injuries under crash deceler-
ative conditions and/or upsets.

This is the essence of crash-impact engi-
neering and design m respect to automobile
?L‘C)del‘ltal injuries and deaths. Clear cut as it
5, the rapidly advancing knowledge regard-
g the problems of motoring safety demands
seme clarification of terms which might be
eonfusing, especially when used out of their
OWn particular contexts.

Automotive safety engineering has dealt
U the traditional aspects of performance
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reliability of the motor vehicle in question
~for all practical purposes, the automobife
driven by nonprofessional operators, but not
excluding commercial carriers. The current
record of safety performance of modern
automobiles hardly needs to be mentioned
at this time; however, it will be discussed
in detail in Part 3, This is done in order to
distinguish that kind of safety engincering
from what is termed automotive crash~
impact safety engineering and design which
forms the basis of this section of our
symposium.

The term human engineering is com~
ming to the forefront of motoring safety
discussions and should not be confused with
what has been defined above. Actually, hu-
man engineering deals with accident pre-
ventjon rather than with reduction of in-
juries under crash conditions. It seeks to
reconcile human psychomotor limitations
with automotive engineering and design. In
other words, human engineering seeks to
render operation of the motor vehicle as
foolproof as possible from the standpoint
of safety. Human engincering assumes that
automotive engineering and design can be
brought withun the limitations and the capa-~
bilities of the people who are expected to
operate them safely as well as efficiently.
Thus, human engineering will be discussed
more fully in the next issue of the sym-
posium,

The medical profession (chnical medicine
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and surgery) owes a great debt of gratitude
to crash-impact engineering because, prior
to its advent, clinicians had paid little at-
tention to the causes of the mechanical in-
juries received in crashes of motor vehicles.
Hugh DeHaven was the first to emphasize
the important relationships which existed
between results of impacts and the impact
areas, Thus, basic factors of mechanical
causes (pressures) of these injuries became
clarified and became the facts on which
prophylaxis, in the physical sense, could be
formulated, Since then, as will be shown
in Part 3 of this symposium and the ever-
increasing medical articles which are ap-
pearing in the journals, this deplorable situa-
tion is being remedied. Doctors everywhere
should co-operate with the field studies cur-
rently under way and sponsored by the
Cornell (Automotive) Crash Injury Re-
search, In addition, medical groups should
become more aware of what is being done
in this field and offer their opmions and ap-
proval or disapproval of methods and ap-
proaches to such human salvage from auto-
motive crashes. Finally, doctors should give
scientific and financial support to the kind
of work along these lines which they approve
of. So much of what is being done begs for
corroborative study and experimentation.
This area of motoring safety happens to be
the only one that is subject to experimental
reproduction and study.

Be that as it may, valid medical data,
both living morbidity and autopsy pathology,
are essential to the success and the progress
of crash-impact studies. Oddly enough, in
this highly specialized field of scientific en-
deavor, careful clinical observations often
assume a directional role in this respect no
less than a supplementation of what experi-
menters disclose. The common sense and the
intrinsic values of clinical studies and ob-
servations cannot be overestimated. How-
ever, the gap caused by lack of valid medical
data between engineering and medicine is
being bridged rapidly and posttively, It is
hoped that the final clo.ure of this gap will

eliminate muddled thinking and pitfalls to
truthful conclusions in regard to the reduc-
tion of crash injuries. In order to attain
this desirable goal, medicine will have to
reach out from its narrow vertical specialty
and broaden horizontally into domains
closely related to the medical profession. The
question is, “Will medicine finally awaken
to its opportumties and responsibilities in
the parallel field of ground traffic as it has
in regard to flight transport?” The signs are
that the answer will be for continued med-
ical progress on an epidemiologic scale
rather than in the strictly limited field of
clinical practice. Truly, this is an area of
interest where specialists become generalists
and generalists become specialists without
ever becoming aware of that fascinating
transformation in either direction.

Another reason why crash-impact studies
must be allowed to reach natural conclusions
and results is derived from the fact that with
the perfection of crashproofing, man’s own
inherent faults in motoring accidents will
again come to the attention of the individual
and the public.

In the meantime, the automobile-—the
chief counterpart of the human and inhuman
relationships of accidental injuries—is receiv-
ing the bleakest kind of scrutiny and criticism
from many sources of inquiry. This uni-
lateral reaction is understandable to a grc:[!
extent and will continue to be the case until
automotive safety engineering and design
will have reached an unimpeachable pgak of
achievement. 1f progress in human engmecx:-
ing has not kept pace with that, then man's
limitations and incapabilities will continuc
to cause accidents, injuries and deaths; un-
less, also, progress has been made in ade-
quate medical standards of driver licensure.
This cycle of events epitomizes what is me.anl
by the blurring of psychosomaxic-mccham‘cn?
elements into one great design involving
motoring safety and motoring injuries.

Manufacturers should remember that cvent
the ulti in ion sometimes mag-
nifies man’s physiologic and psychic faults;




Crash-dmpact Engineering Point of Yiew

263

i.e., the easicr it becomes ta drive a car, the
greater is the probability that the driver will
lose attention and the more violent witt be
his reaction ~— extensor ~—to sudden jafs,
sounds and dislocations. Will increasing
safety and human cngincering and design
have such trends in driver behavior?
Briefly expressed, crash-impact engineer-
ing and design may be stated to be an equa-
tion betwecn human tolerances and decelera-
tive forces (mechanical variables). From
that standpoint, the first line of defense be-
comes the limits of factors of safety of the
human body. The sccond line of defense is
the structure which intervenes between riders
and forces developed in the cxternal auto-
motive environment, However, this must be
interpreted from two standpoints: the un-
restrained occupant and the safety-suspended
human body. For the former, forces mean
for the most part the applied variety (im-
pulsive and crushing). All kinds of injuries
are likely to result from this kind of force
intervention. On the other hand, the properly
suspended body will experience inertial
forces under decelerative conditions. Since
crash decelerations are very brief, this means
that stresses will be concentrated upon sup-
porting structures of the body (organ sus-
pensions as well as other ligamentous and
bony structures). In other words, under such
conditions, when the limit of tolerance has
been reached, internal injuries are to be ex-
pected, rather than external omes, such as
result from applied forces.
_ Forcible ejection from the crash vehicle
i a speciat case in which occupants are ex-
Posed to double jeopardy because their
chances of serious injury and death are 10~
tensified. In this case all kinds of forees
M3y gperate upon the body both internally
and externally,

Both deformation of vehicular structure
and injury represent an absorption of crash
f”"‘%y beyond the capacity of the part 0
ke Hup without external evidence of strain
o1 complete dissolution. Both manifestations
e analogous events in separate domains of

action and reaction. Thus, DeHaven simply
expressed the basic relationship between in-
jury and impact or pressure design, This re-
tationship dominates alf crash-impact think-
ing and methods of study. Prior to that idea,
it was belicved quite generally that injuries
were haphazard events and that the limits
of safety factors were entirely subordinated
to the magnitude of the crash forces involved
in the various accidents. Stated another way,
this would mean that the former were in-
trinsically incapable of coping with the in-
exorably large forces which were governed
by immutable and inviolable physical laws
of mechanics,

The magnitude of the forces generated in
the external environment by crashes is not
tao difficult to calculate, The same cannot
be said for what happens in the internal
automotive environment o riders during ac-
cidents. Be that as it may, evidence is ac-
cumutating all the time to indicate and to
prove that design factors play a significant
part in the production or the prevention of
injuries, That is not to say that force mag-
nitude does not play a decisive role in this,
but rather that impact areas in themselves
determine 10 a large extent what part of the
body is to be injured, the degree of injury
and the frequency of such injuries uader
comparable accdent situations, For this
reason seating in crash vehicles has clinical
significance. To some extent, this determines
the refationship between riders and impact
areas in their immediate vicinity, provided
that gross body dislocations do not alter this
relationship too greatly.

Both the human variables (regarding tol-
erances to forces) and the mechanical vari-
ables involved in crashes determine the gross
differences m the results as seen chnically;
that is, the uninjured, the injured and the dead
This distinction 15 easier said than visualized
but exists nevertheless. The first subgroup is
3 constant reminder that interior automotive
design is not entirely lethal or injurious to
all occupants of crash vehicles. It serves to
temper overhasty conclusions along this line.
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CONCLUSIONS

A potent approach to motoring safety has
emerged in the form of crash-impact engi-
neering points of view. The causal relation-
ship between the impact area and the injury
has been established. Medical data and
studies have been of real assistance to this
end. However, more of such effort is needed.
If the causes of crash injuries are established
it seems reasonable to assume that prede-
termined modifications of automotive design

should reduce or moderate injuries received
during crashes. That is the premise wpon
which crash-impact engineering rests, Equally
important is the realization that crash-impact
engineering, like all other facets of this prob-
Iem, is only another link in the chain of en-
deavor to bring motoring safety under better
control, The crash-impact approach to mo-
toring safety epitomizes the epidemiologic
method; ie., studying the interactions be-
tween host (rider), agent (vehicle) and en-
vironment (highway).



History of Auto Crash Injury Research:
Police Point of View

FRANK A, Jessur* anp ELmer C. PAuLt

Police officers, next to doctors, have been
viewing the growing problem of automobile
and other motor vehicular accidents and re-
sultant injuries with increasing ofarm, es-
pecially from the standpoint of the injuries
themselves, It seemed to be only a short step
from the human effects of crash forces to
their possible causes or relationships to en-
vironmental factors such as automotive de-
sign and engineering in both the internal and
the external automotive areas. Yet, it was not
until Janvary §, 1949, that the first Auto
Crash Injury Research had been completed
by an officer of the Indiana State Police de-
partment. By that js meant a report compre-
hensive enough to have taken into consid-
emtion the possible velationships besween
effects of impacts and the impact areas them-
selves, in so far as it was possible o re-
construct the sequence of events which had
taken place during the crash andjor the
Upset. Actually, the fundamental idea em-
bracing such comprehensive police reporting
u? accidents was conceived some years pre-
viously by the observations of individual
police officess who had been noting for some
Years the repetitive nature of the bodily in-
lunes, Thus, the germ of the auto crash-
mpact interrelationships was born and

developeq subsequently to its present pre-
eminency

_}lxeiore of Auto Crash Injusy Research

v !
Superintendent, Indiaa State Police,
erpeant, Indhana State Police.
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(Indiapa) was derived from the question,
“Since, or if, the nature of crash injuries is
repetitive or predictable in type and bodily
distribution, is it not possible to remedy
this situation by what might be called crash-
proofing aufomotive engineering and design
as already had been underway in regard to
ajseraft  design?” Obviously, the answer
seemed to be in the affirmative. The first
obstacle to overcome was the lack of valid
engineering and medical data on which to
base recommendations to automobile manu-
facturers in respect to improved automotive
safety design and engineering—the kind of
automotive design that should prevent or
moderate crash injuries. Its initiation and
ultimate accomplishment demanded new
technics of crash reporting, in the first place,
before adequate data could be accumulated
and pr d to the facturers of auto-
motwve ground vehicles. One of us (Elmer
Paul) thought out the details of such a pro-
gram in Ipdiana, convinced others of its
feasibility and obtained permission to pro-
ceed with it. His plan contained no pro~
cedure for formulating or outlining an essen-
tial data reporting form. The final form
included accident facts, crash deformation
facts, medical data and photographic-on-the
spot proofs, These three phases of the re-
port, namely, vehicle repost, medical report
and pictures, made up a complete and de-
tailed case history of the course of events—
a unigue achievement in the annals of com.
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prehensive police observation and reporting
with respect to automobile accidents and the
results of these accidents including both ve-
hicular structure and human beings.

In the first place it was necessary, for the
pilot study, to limit the study to fatal acci-
dents only and to those which had occurred
in a selected area or county. From this, the
program was expanded in 1951 to a state-
wide program of special (crash-impact) fatal
accident study of rural Indiana. As was to
be expected this kind of study soon brought
into focus related data never before obtain-
able or available regarding automobile ac-
cidents. In fact, now for the first time there
was statistical evidence to support our basic
hypothesis of the repetitive nature of crash
injuries to riders. This was especially no-
table with regard to such factors as opening
of doors (forcibly efecting occupants, thus
increasing their chances for fatal injuries);
windshield, dashboard and steering control
impacts, etc. These categories of investiga-
tion came to light with such clarity that they
left little doubt regarding their validity.
Moreover, as future data accumulated, the
fundamental nature of crash injuries was
further substantated along these lines. Soon,
the evidence attracted other persons and
groups in sumilar approaches to the study of
automobile accidents, injuries and deaths.
All of this activity has accelerated crash-
impact thinking and action and has served
to broaden the scope of the work. At the
present time, the value and the sigmficance
of an ntegrated form of police reporting is
being recognized increasingly throughout the
country.

Among these who are making these stud-
ies may be menuoned medical groups and
individuals, research laboratories and, more
recently, the manufacturers themselves. It
was fortunate that such a well-informed and
well-organized group as the Automotive
(Cornell) Crash Injury Research workers
came imto this ficld after their significant
pioneering 11t the field of safety aircraft en-
gineenng design to reduce myuries and fa-

talities in this form of transportation. The
Iatter did much to improve and expand the
reportial forms we had been using in our
own Indiana research. From this beginning,
other states were induced to participate in
the comprehensive programs of fact gather-
ing, ultimately to be processed and evalu-
ated by Cornell’s staff of experts. The mighty
oak signifying the completion of auto crash
injury research has yet to grow to full
fruition.

One point which needs to be emphasized,
since the public is not aware of it, is the fact
that, from the beginning, automobile manu-
facturers were aware of and approved such
a fact-gathering of traffic accidents. Simi-
larly, all others interested in the problem
of supplementary safety were given infor-
mation as it became available. From this dis-
semination of data there has been a greatly
accelerated interest in motoring safety from
all angles of approach, including accident
prevention as well as aids to recovery after
accidents, and the final rehabilitation of the
victims. This stimulation of interest and ac-
tivity all along the line has been onc of !}'16
most outstanding cxamples of what valid
thinking, prompt action and reliable data
are capable of doing in a democratic en-
vironment to attack a vital chailenge to our
public safety and health. )

But the area of specific accompnsl}mem
from crash-injury research is chiefly in the
so-called crash-impact engineering ﬁcldj a
field concerned primarily with the r.cducm‘m,
the prevention and/or the moderation Of in-
juries under crash and/or upset conditions
of deceleration. Already, things that appeared
to be remotc only a few years ago ar¢ ap
pearing. as a routine matter, in automolive
engineering design such as padded dashes,
changes in steering controls, safety belts, as
well as efforts at accident prevention through
the advertising of manufacturers., This open
affirmation of what is going on in this field
is most encouraging to everybody concerned-

It should be rcmembered that crash-
mpact engincering is still in its infancy, but
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already great strides have been made to give
better protection to occupants of aufomo-
biles and other ground motor vehicles, A
most valuable tool~—the accident recacd now
utilized~has been added to our armamen-
tarium with which to bring automobile ac-
cidents, injuries and deaths under control.
Data extracted [rom these records, when they
become numerically adequate, will have
given much food for thought and action to
many persons and proups, Undoubtedly,
then, the Auto Crash {njury Research (In-
dina) will have reached its uitimate goal,
that is, “to reduce the scverity of injury to
motor vehicle occupants when impact oc-
curs,”

SPECIAL COMMENT BY A
POLICE ADMINISTRATOR (F.A.L)

The police administcator, in his role of
traflic control officer, is aware of his respon-
sibdity to maintain a safe, efficient and un~
obstructed flow of ground transport of peo-
ple and goods. To this end, he must plan, in
S0 far as is possidle, to employ new methods
of approach ag they appear, even though
such decisions entail further work and ef-
fort on the part of his already averburdened
officers. A primary aim is to prevent acci-
dents Since all kinds of approach serve to-
ward that end, because of their educational
Va}ues for the public, even the reduction of
injures can be interpreted in the light of ac-
f:zdtm prevention tools, but it also stands on
1 awn merits as an autonomous facet in
the fight for survival. Others are urged to
Parhitipate in this program of reduction of
Mjuries, It is not complicated. It 1s simply
an extension of former police methods of

accident investigation and reporting. Care-
ful execution of this kind of seporting does
furnish the awtomotive industry, police agen~
cies, safety workers, clinicians and motor
vehicle users with  previously unknown
specific facts concerning crashes and their
chances for survival.

Epftoriat Note {J.K.). The traffic safety
worker often finds himself in a Jonely spot.
This is especially true of the conscientious
police officer who tries to do what he can
to stem the tide of rider injuries and deaths
which threaten to engulf more and more
(already on the second miltion in this coun-
try) of us in the blood bath of accidental
crashes. Chnicians will do a real service to
their fellow men by giving positive and vigor-
ous support to their local police agencies
who are trying to make our motoring safer.

No single person in traffic safety, from
the standpoint of crash-impact engineering,
deserves more credit (untess it be Hugh De-
Haven) than modest Sergeant Elmer C.
Paul.

It is to be remembered that no single ap-
proach to motering injuries or safety can
solve its manifold problems; nor can there
be the ultimate accomplishment of integrat-
ing our efforts to the same end. The plain
fact 1s this: that every single method of stady
and approach must be pursued to its own
particvlar end; that s, as an isolated and
autonomous human effort to engender a
proper social and human attitude in drivers
of motor vehicles.

From this angle, it is evident that Sergeant
Paul’s achievement has been a brave dream
and a practical one indeed.
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The Historical Development of the
Crash-Impact Engineering Point of View*

A. Howarb HASBROOKT

Protection from the injurious effects of
“crash impact” originated when man, during
the dawn of history, first fashjoned a raw-
hide shield to protect himself from the clubs,
the spears and the arrows of his enemies.
From that time until only recently, engi-
neering consideration for designed protection
from accidental injury or death was confined
almost exclusively to the field of warfare.

The Vikings, for example, used protective
head gear and shields; shields, which, when
not carried individually, were placed on the
sides of their boats for protection during
shore attacks., Again, in later history, metal
helmets, chain mail and shields were used
by King Arthur’s Knights of the Round
Table for protection against injury in com-
bat. Later, during the invasion and the con-
quest of Mexico, metal breastplates and hel-
mets were worn by the Spanish conquis-
tadors for protection from “crash impacts™

* This brilhant account of the history of the
crash-tmpact engineering point of view, by the Di-
rector of Comnell Umversity's Aviation Crash In-
jury Research, who has brought this phase of safety
engincering into promnence 1n the air transport in-
dustry, here and abroad, shows how tortuous has
been the route toward achieving reduction of
personal injunies under crash and upset decelerative
conditions. Much of the carly progress was due to
the persistence and the clear thinking of Hugh
DcHaven, now retired  Only a limited number of
people have been aware of this man’s single purpose
in life. Now, it 1s hoped, he will receive the honors
and the credit that he has carned and so richly
deserves. [Ed]
tNew York City.

of sword points, bullets, spears and arrows.

However, during periods of the Revolu-
tionary War and the Civil War the need for
individual personal protection was largely
lost sight of; probably due to the need for
operational freedom and mobility of the foot
soldiers. However, the relatively low power
and inaccuracy of the rifles and the pistols
used at that time kept the casualty rate at a
“reasonable™ figure,

Moreover, up to and including the Civil
War, the majority of deaths were due to
disease, In relation to the catastrophic ef-
fects of the plagues and the epidemics that
raged throughout the continents of the world,
serious injury or loss of life resulting from
the use of transportation media available
during these years was of minor extent and
importance.

However, many injuries and deaths were
caused by persons being thrown from horses,
chariots, wagons, carriages and even early
steam trains. But, most of these incidents
were looked upon by a superstitious popu-
lace as being the result of “bad luck” or
acts of God. This reliance on “luck” ap-
parently stifled any development of .safcxy
engineering or design for the protection of
human life in accidents. X

In addition, transportation media, and in
particular the horse, did not fend !h:msd\_'cs
too well to designing for protection from in-
jucy inaccidents, It is doubtful, for cxa_mplc.
that anyonc would have scriously considered
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tying himself 1o a saddle on a horse for pro-
tection against being thrown off, for it was
essential, safetywise, to be able to throw
one’s self clear if the horse should fall ac-
cidentaly,

Development and use of the gasoline en-
gine in motor cars provided transport at
higher speeds and thus created bath a
greater exposure to accidents (because of a
fack of reflex training) and also a greater
exposure to severe and fatal injury, duc to
the velocity of imgact,

Also, during the cra of the bicycle and

the “horscless carriage” some imaginative
and courageous men were endeavoring to
fearn the secret of flight. Lilhenthal is one
of the best known who succeeded in carly
times in fiying in a heavier-than-air ma-
chine—a glider. The first to fly a powered
beavier-than-air machine, of course, were
the Wright brothers; those who followed in
the footsteps of the Wrights developed flying
machines that were capable of greater and
greater speeds—speeds which eventually ex-
ceeded that of the fastest motor car.
) Later, aireralt increased the exposure to
injury in accidents by virtue of their higher
speeds; the force of gravity acting on an
airplane falling from a great height also
tenided to increase the force of impact.

EX.POSUre 10 serious injury and death was
also intensified in early aircraft because the
eccupants, in most cases, were located in
the forward and most vulnerable end of the
yehxcle. Since these early aircraft were frag-

fle and extremely liable to accidents, due to
‘adequate cantrol and aerodynamic design,
$njury and death rates were high. Despute the
obvious need for “tymng in” the occupant,
;;Xas not untif just prior to World War I
crmsafectly belts were first installed .in air-
i m'n?:‘ soon became standard equipment
ocup, ary aircraft, The need for tying the
Vlvidﬁx Nt to his vehicle was demonstrated
oca n{ when fo:uxe.nant Towers, who later
ot b aei an admiral in the Navy, lost control
N ni tcraft and was thrown out of his seat
i-air. Fortunately, he was able to grasp

a portion of the airplanc and thus was able
to hang on until it csashed; he was scriously
injured. The other occupant was reported to
have been fatally injured,

However, instaliation and vse of safety
belts was based only on the need for re-
straining the occupants from falling out of
the aircraft in turbulent air or during acro-
batic maneuvers, Little or no consideration
was given, up to that time, to the possibility
that the safety beft might protect occupants
from injury or death in n crash. In fact,
many pilots would unfasten their safety belts
if they knew they were going te crash be-
cause they feared that the safety belt might
cut them in half. Many pilots felt that they
had a better chance of surviving if they were
thrown clear of the aircraft. Since posterash
fires were quite prevalent, it is possible that
some did survive by being thrown clear.

A paradoxical point in the study of the
development of crash-injury concepts was
that the human body had been erroncously
considered as a rather fragile object, and
that protection from injury or death could
be obtained only by preventing injury-pro-
ducing accidents. Thus, accident prevention
became the prime consideration in safety
thinking and action. '

However, the idea that the opposite was
the case evolved in the mind of a young
flying cadet who was involved in a mid-air
collision in Canada during the Iatter part
of World War I In the resulting crash of
two aircraft, this cadet, an American named
Hugh DeHaven, was the only survivor, Dur-
ing the following months in the hospital,
DeHaven kept asking himself “Why did I
survive when all the rest were killed?”. Later
on he inspected the wreckage of the two
aireraft and found that, of the 4 cockpits,
his alone had remained relatively intact, Al-
though most of his friends attributed his
bemng ahve to Iluck, DeHaven felt that the
intactness of the cockpit structure was the
answer; thus was born the first concept of
“crashworthiness.,”
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It is worthy of note that although hun-
dreds of combat pilots and observers died as
a result of injuries sustained in crashing
their disabled aircraft-——not from gunfire
wounds—there is no record of anyone, other
than DzHaven, having given any considera-
tion to the direct causes of injury and death
in aircraft accidents from an engineering
point of view.

After the war, during the "20s, DeHaven's
interest in impact injuries was heightened by
newspaper accounts of so-called “miracu-
lous™ escapes from death of persons who had
attempted suicide or had fallen from great
heights. As more and more information was
gathered on these cases, the fact gradually
emerged that free-falling humans often es-
caped serious injury or death if their velocity
was partly checked by their striking some
hght, frangible structure, such as a strong
clothesline. Also effective for survival was
their final impact in a supine or prone post-
tion on an object sufficzently “soft” to bring
them to a stop through a relatively long dis-
tance, such as would occur when falling
into a fire net, onto a light sheet metal duct
or soft rubble.

DeHaven’s insistence that these miracu-
lous escapes were not miracles at all but
were due to known physical laws relating
to force per unit area (psi) received little
consideration. In some quarters, DeHaven
was even looked upon as a “crackpot.” But
he continued his studies on the phenomena
associated with survival in free falls and, in
addution, his attention was directed to in-
juries sustained 1 light plane accidents.

The results of these studies of small-plane
accidents indicated that much could be
learned about the direct causes of injury and,
even more mmportant, the reasons for sur-
vival under extremcly severe conditions of
crash force Thus was born a new concept,
and 2 new professtan —crash-injury research
and crash-survival -leugn engineering.

Impetus was given t~ crash-injury studies
of small-plane acciden v when DeHaven be-
came associated with Jr Eugene D, DuBois

at the Cornell University Medical College in
New York in 1942; with the moral support
of the Civil Aeronautics Administration and
a small fund from the National Research
Council, a statistical study of injuries and
their causes in aircraft accidents was initi-
ated.

During World War II, DeHaven, in co-
operation with Dr. William Geohegan of the
Cornell University Medical College, began
experimenting with a device, later known as
the inertia reel, which, used in combination
with two vertical chest straps, would auto-
matically restrain the torso and the head
from flailing forward and striking rigid
equipment in the cockpit. The development
of this device had been due to the results of
research studies which showed that most of
the serious injuries sustained in aircraft ac-
cidents were confined to the head and the
upper torso. Puncture wounds of the heart
and the lungs, induced by penetration of
fractured ribs, and brain damage associated
with and without skull fracture were promi-
nent results of accidents. Of particular in-
terest was the fact that these types of injuries
not only were sustained in completely dis-
integrated aircraft but also had occurred
numerous times in cockpits and aircraft cab-
ins which had sustained hittle damage. Stud-
ies of these latter type accidents, later 10 be
termed “survivable” accidents, also proved
that the so-called “dangerons” safety belt
did not cut people in half. The s'lud.les
showed further that, when decapitating
wounds of the lower torso had occurred, they
had been sustained in accidents in which the
entire aircraft structure had been compictcly
demolished; decapitation, 1t was shown, had
been due to striking lethal objects s.uch.as
jagged metal skin and fmgmemcd, rigid wing
and fusclage wreckage. -

In the meantime, some farsighted indi-
viduals in the Bureau of Medicine and Sur-
gery of the U. S Navy and in the Surgeont
General's Office of the U. S. A Force be-
came interested in crash-injury rescarch as
a possible means of reducing the casualty
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rate in the military services. Accordingly, a
small contract through the Office of Naval
Research was made with Cornell University
Medical College to camry on DeHaven's
studies of injurics in accidents, During the
next 5 years, the Cornell group, consisting
of a medical analyst, a stenographer and
DeHaven, studied small-plane accident in-
juries,

To obtain information relating to the ac-
cidents concerning impact speeds, angles of
impact, damage to the aircraft structures,
and the medical histories of the occupants,
special accident and injury forms were de-
vised; since the Civil Acronautics Admin-
istration was unable to provide anything
more than token support (because the Civil
Acronautics Act did not provide for investi-
gation into the causes of injurics—only the
causes of the accidents), assistance of a few
highty motivated state police and state avia-
tion groups was obtained to conduct the in-
vestigations, complete the report forms and
sead them to Crash Injury Research for
study,

Concurrent with these studses, the Cor-
nelt group developed a special punch card
system and code for the coding of accident
and injury data; a special injury scale, by
which injuries could be assessed in relation to
el seri from an ing point of
view, was also devised, This injury scale,
}vhich rates injury seriousness in relation to
s danger to fife under conditions of prompt
and adequate medical care, proved to be of
great value, providing much more informa-
tion than the “loose” terms commonly used,

such as “serjous” and “fatal” (see end of
chapter for Av-CIR Injury Code). The scale

s divided into 10 parts, the last 4 of which

ifieu:'ar‘::. From an engineering point of view,

essa tPEC): to design for survival, it s nec-

Whe:}{eol now the degree of death, ie,
ad bere 22,3 or more areas of fatal lesion
other no:fmsusfafne'd in combination with

al injuries.

Duting this phase of Cornell’s crash-mjury

rescarch studies, other groups and individ-
uals became interested in impact injuries,
particularly in relation to accidents involv-
ing military aircraft.

The work of Lieut. Col. John P. Stapp
(USAF) in developing and operating a high~
speed sled for studying high deceleration ef-
fects on human subjects is well known.
Stapp's work, involving much personal cour-
age, has added immensely not only in arous-
ing world-wide interest in impact injuries
but also in producing invaluable data for
design engineers.

Two other military groups——the USAF's
Directorate of Flight Safety at San Bernar-
dino, Calif.,, and the U. 8. Navy’s Aero
Medical Equipment Laboratory at the Naval
Air Materiel Center in Philadelphia, Pa. be-
gan to investigate the human factors phase
of aircraft accidents and produced informa-
tion which showed that the human body
could withstand, without serious injury,
crash force of extremely high magnitudes,
provided that crash-survival design concepts
were utilized in the design of cockpits and
restraming gear.

Other individuals and groups who began
to sense the importance of studying the
phenomena of crash-impacts and resulting
injuries were William Stieglitz of Republic
Aviation Corporation, A. M. Mayo, John
R. Poppen and Stanley Lippert of Douglas
Aircraft Company, Herman P. Roth and
Charles F. Lombard of Protection, Inc,, the
USAF's Air Research and Development
Command, the Aero Medical Laboratory.
and the Cornell Aeronautical Laboratory, to
name only a few.

By 1950, as a result of this progressive
interest of an increasing number of engi-
neers and safety people in the aviation field,
a number of aircraft contained numerous
features originally advocated by DeHaven's
group, Forty G cockpits in fighter aircraft,
lightweight, frangible (delethahzed) instru-
ment panels, control wheels and tilting seat-
backs-—the last to protect the heads of per-
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sons in passenger cabins—were becoming
standard equipment. Shoulder harness, which
had proved itself of value during the latter
part of World War 11, also was being con-
sidered for light planes. Such terms and
phrases as “crashworthiness,” “survivable”
and “nonsurvivable” accidents and the word
“deceleration” became routine jargon of the
industry.

Aside from military aircraft, increased
crashworthiness also was being designed into
some light planes by strengthening of the
cockpit and the cabin structures, providing
keel-like lower structures in the bellies of
Iight twin-engine planes and moving the oc-
cupants further back in the airplane.

As the beneficial effects of crash-survival
design in aircraft were becoming apparent,
safety people in the automotive industry be-
gan to wonder whether this same design prin-
ciple might not help to reduce the extent and
the dangerousness of injuries sustained in
automobile accidents.

Cornell's Crash Injury Research project
turned part of its attention to the automobile
accident-injury problem and jnitiated a re-
search program in co-operation with the In-
diana State Police. Following Cornell's lead,
other groups and individuals soon turned
their attention to this phase of highway
safety. This program resulted in the growth
of an almost nation-wide study of auto-
mobile accidents by many state police groups
in co-operation with state medical associa-
tions, public health organizations and other
safety groups.

The Traffic Institute of Northwestern Uni-
versity, the Institute of Transportation and
Traffic Engineering at the University of Cal-
ifornia, The National Safety Council, Dr.
Ross MacFarland of the Harvard School ot
Public Health, Motor Vehicle Research at

Boston, Mass.,, the U. S. Army’s Human
Engineering Laboratory, and insurance com-
panies were but a few \.vho saw promise in
designing for crash-survival.

Reseaschers in various parts of the coun-

try also began thinking about the use of
safety belts and shoulder harnesses in anto.
mobiles; others were discussing the need
for the crash testing of automobiles with
dummies. Doctors in the medical research
field, such as E. §. Gurdjian, J. E. Webster,
H. R. Lissner and Jacob Kulowski began
studying skull and skeletal fractures and
brain injury. Scientists working under Ed-
ward Dye at the Cornell Aeronautical Lab-
oratory began studying the kinematics of
dummies subjected to decelerative forces,
and the forces necessary to fracture simm-
lated skulls when propelled against various
structures.

At the same time, DeHaven and the au-
thor, who had joined the Cornell project in
1950, were endeavoring to interest the Na-
tional Advisory Committee for Aeronautics
in crash testing some small aircraft in order
that decelerative loads imposed on the aif-
craft and their occupants under survivable
crash condutions could be measured.

The NACA conducted these tests in 1953,
and the results astounded safety people
throughout the aviation industry. Loads of
30 G had been measured in these survivable
test crashes of small, lightweight planes. of
even greater importance was the fact that
crash-injury records showed that many per-
sons had survived such erash loads with lit-
tle or no serious injury. These data, plus
that derived from many free-fall cases, also
served to bolster DeHaven’s contention that
the human body could survive impact de-
celerations as high as 200 G without danger-
ous injury if adequate restraint and de-
fethalization could be provided.

NACA's small-planc crashes also paved the
way for later crash test programs of mili-
tary fighter, bomber and civil transport fif-
craft. From these tests data have become
avadable which will permit engineers to pro-
tect people more fully—by dcsign—"‘g"“"“
the effects of impact Joads impoccd in sur-
vivable type accidents.



Crash-Impact Engineering Point of View

273

Early in 1950, Corncll's Aviation Crash
Injury Research project centered its primary
investigative attention on  civil - transport
crashes. The resulting crash-survival studics
on the Northeast Airlines’ Convair 240 ac-
cident at La Guardin Airport, New York, and
National Airlines’ DC-6 crash at Elizabeth,
N. 1., interested safety engincering groups
in the United States and abroad.

Both of these survivable crashes provided
proof of the advantages of the crash-sur-
vival design features which had been built
into these 2 transports and their seats—
features which had resulted from crash-
injury data obtained from small plane ac-
cidents.

Under the author’s directorship, the Cor-
nell Aviation Crash Injury Research project,
while continuing to study crashes of civil
transports, now co-operates with safety
groups of the U. S. Navy, the Air Force and
the Army, the Civil Aeronautics Board, the
Civil Aeronautics Administration, and vari-
ous other national and international groups,
airlines and manufacturers. Each year sees
a widening interest and understanding of the
benefits that can be derived from crash-
survival design,

An indication of the increasing awareness
of the importance of this subject is shown
by the fact that the Civil Aeronautics Ad-
fninistration revised its manual of procedure
n 1955, wherein CAA safety agents now
°°“°!“°t crash-injury investigations on all
survivable crashes involving aircraft in the
nonzirline category. These data are for-
warded by the CAA to Comell’s Av-CIR
for study,

Also, the National Advisory Committee
for Aeronautics, for the first time in its his-
ZZZ{ Organized a subcommittee devoted
Comr}x;":: flight safety. A large portion of this
Jems ‘:f ee’s .WOrk. is involved with the prob-

Survival in relation to crash-impact.

- ofe Auline Pilots Association—as a mat-

policy—endorsed the need for, and

the use of, shoulder harness for all airline
cockpit crew members,

Seat manufacturers, both in the United
States and abroad, arc giving extensive con-
sideration to providing greater safety through
improved delethalization and better “tie-
down” of the seats, Airframe manufacturers
arc cndeavoring to integrate the seats with
better hull and floor structures.

Consequently, the jet liners of tomorrow
will contain a degree of crash safety un-
thought of 15 years ago.

In the automotive field, automobile manu-
facturers also are giving attention to design-
ing for impact protection. Many items, such
as safety belts, improved door latches,
padded dashboards and visors, and energy-
absorbing steering wheels, now offered in
most cases as optional equipment, undoubt-
edly will become standard equipment on new
model automobiles. This advancement in
safety design in future automobiles will re-
duce drastically the high incidence of serious
and fatal injury on our highways.

In effect, in the 14 years between 1942
and 1956 a new engineering field has been
created, namely that of crash-survival de-
sign engineering. Undoubtedly, this subject
will increase in importance as its value be-
comes more widely recognized. Thus, it is
only a question of a short time before it will
be taken up by universities and integrated
into their design engineering courses. Once
at this point, it can be expected that crash-
survival design will increase rapidly in its
application; perhaps it will show its effect
in the design of objects in the factory, the
office and the home which cause serious and
fatal injury to people in accidental falls,

Only a brief glance at the number of seri-
ous and fatal injuries sustained by persons
falling in showers and bathtubs points to
the need of designing certain portions of our
natural environment to protect the human
body from injurious impact during “routine”
accidents.
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DEGREES OF INJURY*
TERMINOLOGY USED IN
CRraAsH INJURY RESEARCH

Trivial or None

Munor

“Minor™ contusions, lacerations, abra-
sions in any area(s) of the body.
Sprains, fractures, dislocations of fin-
gers, toes, or nose. Dazed or slightly
stunned Mild concussion evidenced by
mild headache, with no loss of con-
sciousness

Moderate~~but not dangerous.
“Moderate™ contusions, lacerations, ab-
rasions in any area(s) of the body.
Sprains of the shoulders or principal
a i of the i Un-
complicated, simple or green-stick
fractures of extremties and Jaw. Con-
cussion as evidenced by loss of con-
sciousness not exceeding 5 minutes,
without evidence of other intracranial
injury.

Severe—but not dangerous.
vival normally assured.
Extensive lacerations without danger-
ous hemorrhage. Compound or com-
minuted fractures, or simple fractures
with displacements, Dislocations of
arms, legs, shoulders or pelvisacral
processes. Fractures of facial bones
Fracture of transverse and/or spinous
processes of the spine, without evi-
dence of spmal cord damage Stmple
fractures of vertebral bodies of the
dorsal and/or the lumbar spines, with-
out evidence of spinal cord damage.
Compression  fractures of L-3-4.5,
Skull fracture without evidence of con-
cussion or other intracranial injury.
Concussion as evidenced by loss of
consciousness from 5 to 30 minutes,
without evidence of other intracranial
injury.

Sur-

* Based on observations during first 48 hours
after injury and previously normal life expectancy.

t Weighted value for degrees of total injury.

1 Degrees of total injury,

45

66

91

120

153

190

5

Serious—dangerous,
probable.
Lacerations with dangerous hemor-
rhage. Simple fractures of vertebral
bodies of the cervical spine, without
evidence of spinal cord damage. Com-
pression fractures of vertebral bodies
of dorsal spine and/or of L-1 and L-2,
without evidence of sptnal cord dam-
age. Crushing of extremities, or multi-
ple fractures. Indication of moderate
intrathoracic ot intra-abdominal injury.
Skull fracture with concussion as evi-
denced by loss of consciousness from
5 to 30 minutes. Concussion as evi-
denced by loss of consciousness from
30 minutes to 2 hours, without evidence
of other intracramal injury,
Critica’-~dangerous, survival uncer-
tain or doubtful.

(Includes fatal terminations beyond 24
hours) Evidence of dangerous intra-
thoracic or intra-abdominal injury.
Fractures or dislocations of vertebral
bodies of cervical spme with evidence
of cord damage Compresston fractures
of vertebral bodies of dorsal spine,
andfor L-1, L-2, with evidence of
spinal cord damage. Skull fracture,
with concussion as evidenced by loss of
consciousness, from 30 minutes to 2
hours. Concussion as evidenced by loss
of consciousness beyond 2 hours. Evi-
dence of critical intracranial injury.
Fatal—within 24 hours of accident.
Fatal lesions in single region of the
body, with or without other injuries to
the 4th degree.

Fatal—within 24 hours of accident.
Fatal lesions in single region of the
body, with other injuries to Sth or 6th
degree.

Fatal

Fatal lesions in 2 regions of the body,
with or without other injuries else-
where.

Fatal i

Fatal lestons in 3 or more regions—
up to demolition of body.

but  survival
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Automobile-Barrier Impacts, Series i

D. M. Severy anD J. H. MATHEWSONT

INTRODUCTION

Barrier crashes conducted in 1953 and
1954 furnished the first detailed information
of the deceleration rates and patterns as-
sociated with ground vehicular crashes.t
This type of experiment is easy to conduct
relative to one involving two moving ob-
fects, swce the impact parameters for the
exacting purposes of research may be pre-
determined with reasonable accuracy. The
rate of deceleration for the barrier crash gen-
erally exceeds that for other types of im-
pacts at comparable velotities. Hence, the
barrier impact provides a rigorous test hav-
ing deceerations of the same direction and
of comparable magnitudes and patierns as
those which are encountered most frequendy
in coftision-type accidents. Therefore, valu-
able basic data may be derived from experi-
ments on restraming harnesses and similar
safety devices under these conditions while

* Presented before the Sociely of Automotive
Engineerc Yamiam  10cc
¥ .

simultancously collecting much information
on the collapse characteristics of the auto-
mobile. Because this type of impact elimi-
nates the variables of {1) type of structure
of opposing car, (2) mass of opposing car,
(3) velocity of opposing car, (4) direction
of impact and (5} point of impact, the bar-
rier provides an excellent medium for testing
the shock absorption effectiveness of force-
moderating innovations and safety restrain-
ing-devices, all designed with the purpose of
reducing the crash injury potential of the
vehicular accident. These basic reasons in-
dicate why the auto-barrier crash was se-
lected as the first type of fully instrumented

collision experiment to be undertaken by
ITTE.§

EQUIPMENT AND FACILITIES

A barrier was constructed near the end of
a 1,000-ft. dirt road (Fig. 1). This barrier,
8 1. tall and 14 f1. wide, was made of large-

§ This kind of research, which originated at the
Uaiversity of Califocnia (ITTE), is an excelfent ex-
ample of the far-reachiag eflects that basic research
usually has later on in the field of developmental

g
neer

1 L in
motor vehicle acch s a Hy recognized
problem o has been given i i ion n

. Certainly, these researches have given real

4
vecent years O what 1t believes to be a new 2p-
proach, the Institute of Traffic and Transportation
Enpineering of the University of Cahfornia, Los
Anceles (heremnafter referred to as ITTE), beean
experimental studies of veluele accidents m 1950,
Iaitsally, two-car head-on coffisions were studied.

to the between crash episodes
occurring in the external and the internal auto-
motive i Already, ile manu-
fucturers are sponsoning similar types of experi-
mental erashes in order to crashproof their cars
ware effectively. In this paper the reader js taken

into the fascinating world of reality concerning

Subsequently, the stedies bave wncluded e phes
homena measusable during impact between a single
car and » fited basrier, A series of such experiments
have been performed and are inu

crashes by two mastery of this sort of
expenimentation.  Thus are we learning the why,
t_l"xc how and the when of tider injuries during erash

ions, [Ed.1
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diameter electric-utility poles sunk to a depth
of 8 ft. in the ground and backed by suitable
cross-members and braces to provide a rigid
structure.

Cars of the same make, model and age
were selected for these barrier collisions.
Appropriate calibration markers were se-
cured to the car (Fig. 2). Four flood-lights
were mounted inside each car.*

A movie camera (modified G.S.A.P. 16-
mm camera operated at 64 frames/sec.)
was mounted on the rear shelf of the crash
car and directed forward for the purpose of
photographing the movements of the dum-

* The subsequent introduction of Tri-X film has
made the use of interior lighting unnecessary.

roe

mies during collision. Specially devised in-
dicators were welded at 6-inch increments
to the frame of the car from its forward end
(left side) back to below the firewall, The
target indicators of these devices were
grouped behind the left-front wheel (Figs.
3 and 4), These devices provide data con-
cerning the deceleration pattern for each
6-in. increment of the front section of the
car frame. Accurate precrash and postcrash
measurements were made of the frame, for-
ward of the firewall, to provide permanent
deformation data. The electrical leads from
safety belt tensiometers, electric accelerom-
eters, remote-control steering and braking
devices, and other special equipment within
the test car were joined to a cable which was

Block Protogrophic Backdro

Cromh Burierm,

Calitwoted Raferance Boords

4

Craded
Torn Aran

Ha e'm.‘./

100 s Delay

p—7-

Contesl Car
Remots Steormg Control

Oiled Down Area

Colibeated Retoronce Booeds

gs Spees Camures
& Cne Speciel (for pomning)

Fic. 1. The experimental site.

Fia. 2. Collision vehicle and instrument truck.
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secured to an 8-ft. boom extending out from
the rear of the car, This boom supported
the cable during the crash, tending to pre-
vent the cable from being thrown under the
wheels of the car as the car rebounded from
the barrier, This 100-ft. cable was connected
to the push-truck which carried the record-

ing oscillograph, the remote steering and
breaking controls, the portable power units
and accessory equipment.

EXPERIMENTAL PROCEDURE

The test car was brought up to the barrier
to permit the photographic equipment to be

T

Fi1G. 4. Frame deceleration flag (lower left corner).
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focused and directed at the vehicle. Follow-
ing this, the vehicle was removed to a point
approximately 1,000 ft. from the barrier,
Then the instrument truck was used to push
the test vehicle up to a steady speed of
approximately 30 mph until a predetermined
point in front of the barrier was reached. At
this point the instrument truck was braked
to a quick stop. The test vehicle coasted on
into the barrjer at an impact speed of 25
mph (Fig. 5). Throughout, the crash car
was guided by remote control by an op-
erator seated in front of the right section of
the instrument truck windshield (Fig. 6).
During the time the car took to coast this
interval of 100 ft., the instrument truck was
decelerated to a stop so that it was motion-
less, and the recording oscillograph was
started before the car struck the barrier.
Thus, the mobile recording station had be-
come stationary in time to record the crash
data without having the interference prob-
lems possible with mobile recording units.

INSTRUMENTATION
PHOTOGRAPHY
Two Eastman high-speed cameras (0-

3,000 frames/sec.) were used as a precau-
tion against possible loss of valuable data
due to power failure, film processing acci-
dents, etc.* Reference targets were painted
on the principal points of interest of the car
and on the dummices to provide a means,
by high-speed photography, for recording
data leading to the determination of velocity,
acceleration, deformation and similar infor-
mation. The G.S.A.P. camera mounted on
the shelf above the rear seat provided an
inside-the-car record of the dummies’ reac-
tions to impact. A Ciné Special movie cam-
era was used for panning the car as it pro-
ceeded into the barrier. A second Ciné Spe-
cial camera was mounted on the top of the
instrument truck to provide a record of the
collision in the direction of the motion of
the colliding vehicle. Table 1 presents the
photographic data related to these tests.

CAMERA-OSCILLOGRAPH SYNCHRONIZATION
In order to provide a common time basis
for relating the physical observations of the

* This precaution proved to be important because
one of these two original films was damaged during
the process of making a copy.

Fito. 5. The barrier collision at 29 mph.
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crash recorded by the camera to the physical !
factors recorded by the oscillograph, a means
of synchronizing these two variable speed-
recording functions was introduced. This
comprised feeding the signal from a mag-
netic pickup on the drive wheel of the cam-
era to one channel of the oscillograph via
a line from the camera to the instrument
truck and dragged by the truck., The cam-
era film speed was identified by a 60-cycle
per second timing light marking on the edge
of the film, The photographic paper speed
of the Hathaway Recording Oscillograph
was identified by the transverse line applied
each 100th second.

The common time origin for these two re-
cording systems was selected as the instant
the front bumper of the car came into con-
tact with the barrier. A probe was mounted
so that it extended through the radiator flush
with the front bumper. A slight axial move-
ment of this probe actuated a switch which

o7
Erd

FiG. 6. Remote control driver for
was connected to one channel of the oscil- collision vehicie.

TABLE 1. PHOTOGRAPHIC DATA SHEET

TypE SHUTTER Dis-
Fiim fT SPEED TANCE
(Frames/sec.) in Feet

CAMERA PosiTION*

60 ft. laterally

Eastman High Speed— el Super XX 27 0
9 ft. longitudinally p . 1,000 60
(ITTE), 16 mm. to impact point (Eastman)
Eastman High Speed— Same s XX
(M1S.), 16 mm. uper 27 1,000 60
GSAP, 16 mm. Back of car Super X 5.6 64 8
2 Top of Instr.
Ciné 1, 16 mm. Recording Truck ~ Super X 16 24 25
2 Panning, near high-
Ciné 11, 16 mm. speed cameras Super X 16 24 30
} 30 ft, laterally
Speed Graphic 9 ft. longitudinally Super X 8 1/400 30

to impact point

* Camera positions are shown diagrammatically in Figure 1.
1 Weather was clear and sunny.
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lograph. The broad end of the probe was
clearly visible from the high-speed camera
position so that the instant of contact also
could be determined photographically.

ACCELEROMETERS

Eight electrical accelerometers were used,
of which 6 were Hathaway units and 2 Stat-
ham. In addition, 5 Gross mechanical ac~
celerometers were used. The characteristics
of these devices are given in Table 2, while
the placement and the axis orientation for
these experiments are given in Table 3.

Experience has shown that aircraft, the
automobile and vehicles such as the linear
decelerator sled used by Stapp® developed
vibrations within their structural components
during collision decelerations which, al-
though comprising seemingly negligible dis-
placements, nevertheless may represent large
accelerations. In such cases, the vibration of
the structural member at its natural fre-
quency may mask completely the total struc-
ture acceleration.

Table 4 presents the vibratory frequencies
during the first 4 3, second intervals follow-

ing the crash. The average of these values
provides an estimate of the natural frequency
of the structure on which the accelesometer
unit was mounted. It appears that for the
cars used in this crash, and for the struc-
tures instrumented, the natural frequency of
these structures varied between 60 and 99
cps.

In many experimental studies, it is desir-
able to have detector units with as high a
frequency response as is technically possible.
However, in the problem of measuring de-
celerations of impacting structures, consider-
ation must be given to the differentiation
between oscillations and accelerations. There
fore, it is important to select a frequency re-
sponse sufficiently high to reproduce ade-
quately the impact decelerations without
having the response so high that the un-
wanted vibrations {so-called “buzzes” of the
structure) are included to confuse or even
mask the basic data,

It has been d,! using a triangul
pulse as a simplification of the decelerations
pulse encountered during collisions, that with

TABLE 2, CHARACTERISTICS OF ACCELEROMETIRS

Unsr HaTHAWAY STATHAM Gross

Type AMS—10A F-10-120 Model C
Natural
Frequency 230-260 120 cps 70cps
Range *15G *10G =50G
Damping
Coelficient 0.4100.5 0.7 0.6t0 0.7
Damping i
Media Ot Ot Oil . .
F ! Differential trans- Unbonded steain ilcwclcd Sly;h&camn

ipl former, impulse fed page—impulse fed to ever mounted, on
Prnciple to reco(ding Oscillo- recording Oscillo- smokcg! drum rotated

graph graph by spring action
‘h:?:::ro::ihon Dynamuc and Static Dynamic and Static Dynamic and Static
fxxs o v Per lar to base Pcrpcndxcul:xr\o base Paralle! with base:
5

bidirectional, records
aceeleration on 2
axes 90° apart
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TanLr 3. Derrcror Umit Data, Car No. 3
Unir CHANNEL Fio,
No. No. LocaTion IDENTIFICATION  pop Rance  DiRICTION
Hathaway " ftudinal
18 6 Head—SED (Dummy) Acceleromoter 8 *15G Longitudinal
1 9 Chest—SED - “ " “
19 12 Chest—ITTED * " * “
20 11 Head—SED " " " b
15 10 Top, Outside “ 4,8 " “
17 5 Door Post, Right Center . “ “ "
Statham «
735 7 Chest—SED Accclncromczcr “ =106
736 8 Door Post, Right Center “ “ " "
P: ith
i 1 Chest Belt, SED, Left Tcn’;r,i,e, 8,12, 14 0-3,000 Ibs “;;‘,‘Eil,;"&
2 2 Chest Belt, SED, Right * » " “
3 3 Lap Belt, ITTED, Left “ “ “ “
4 4 LapBelt, ITTED, Right “ “ “ *
None Gross
2 (MechanicapyPoor Post, Tep Accelerometer #50G  Long/Vert.
3 « Door Post, Bottom " * “
4 « Frame, Forward * 17 “ “
5 «“ Frame, Aft * - “ *
6 « Roof " . « “
TasLE 4, NATURAL FREQUENCIES OF CAR STRUCTURE
0.1 0.2 0.3 04 Ava
CarNo 2
Door Post (center) (Hathaway). . . ... ..... 75 100 100 — 92
Door Post {center) (Stathamy. . ..... ..... [ 60 60 65 62
Door Post (base) (Gross)e ... . .. .. ..... 60 — — — 60
Door Post (top) (Gross) ..., .. .. . ..... 60 — — — 60
Car Top (Hathaway)...... .. .. .. ... 65 80 70 35 67
Car No, 3
Door Post (Hathaway) . . ...,.. ..... 100 %0 90 80 90
Door Post (Statham) . . 85 70 40 65 65
Door Post {top) (Gross). . .. ... 70 — — — 70
Car Top (Hathaway)....... .........o...es 75 65 60 60 65
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an undamped natural frequency for an ac-
celerometer of 50 cycles per second and a
damping ratio of 0.7 or less, an accelerom-
eter error of not more than 5 per cent
results. Referring to Table 2, the natural
frequency of the Hathaway accelerometers
is 230 to 260 cps, and for the Statham, 120
cps. This relatively high frequency response
appears to account for the 60 to 90 cps
“hash” present in the deceleration curves
produced from these units.

HATHAWAY OSCILLOGRAPH

The signals from the various detector
units mounted in the experimental car were
fed to the 24-channel Hathaway Oscillo-
graph Type S 8-C via its associated power
supply units and jts Strain Gage Control
Unit, Type MRC-15 (Fig. 7). A sample of
the data from this oscillograph is given in
Fugure 8.

FRAME DECELERATION INDICATORS
The mechanism of collapse of a structure

-

during collision is of inferest to the engineer.
A knowledge of the order and the magni-
tude of deformation of each section of the
structure provides a basis for evaluating the
total structure in terms of its efficiency for
attenuating the collision forces and therefore,
the decelerations of the intact portions of
the vehicle.

A system has been developed by ITTE
for instrumenting each 6-inch section of the
front of the car frame back to a point about
opposite the rear edge of the front wheel
This system was necessary for the provision
of accurate photographic instrumentation to
a point on the structure obscured from view
by the front wheel. This was accomplished
by welding Yi-in. steel drill rods to the
frame at these points in such a manner that
they were nearly flat against the frame and
pointed toward the rear of the car. A check-
ered target was painted onto the 3% x 3%
x Y in. plate welded to the unsecured end
of the rod (Fig. 4, lower left corner).

"/{(J/ A‘,/‘u-
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Instrumentation

The movement of these targets as the car
frame decelerates and deforms was photo-
graphed by high-speed cameras. The results
obtained from this system of frame decelera-
tion measur d in a later
section.

is Pr

FrRAME DEFORMATION INDICATORS

One method of obtaining useful engineer-
ing information from a collision is to meas-
ure specific car frame positions before and

S.E.D, CHEST_BELT TENSIOME: ER

after impact in order to evaluate the loca-
tion and the magnitude of collision defor-
mations,

Positions on each side of the car frame
were marked with metal screws at points
approximately 1, 2, 3, 4, 5 and 7 feet back
from the front edge of the bumper. The dis-
tances between these points were measured
by projecting them onto a horizontal plane
both before and following the collision. De-
tails of this procedure are given in Refer-

S.E.D. CHEST BELT TENSIOMETER

1.T.T.E.D. LAP_BELT TEWSIOMETER

PROBE_INDICATOR
1.T.T.E.D. LAP_BELT TENSIOMETER

DOOR POST -~ Hathaway

2o

S.E.D. HEAD - Hathaway

]
\7
NG
A

S E.D, CHEST - Statham

DOOR POST|- Statham

S.E.D. CHEST - Hathaway

CAR TOP_- Hathaway

1.T.T.E.D. HEAD - Hathaway

1.T.T.E.D. CHEST - Hathaway

Fic. 8. Oscillograph record of collision with fixed barrier at 29 mph.
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Fic. 9. Safety-belt tensiometer.

ence 3, The resuits of these analyses are
presented under Frame Deceleration and
Deformation in a later section.

TENSIOMETERS

Electrical accelerometers, high-speed pho-
tography, dummy-damage diagnosis and
safety-belt tensiometers provided the in-
strumentation applied to the dummics. The
belt tensiometers provided a force-time his-
tory of the loading to which the safety-belts
were subjected. Four tensiometers were con-
structed for this putpose (Fig. 9). The belt
is threaded between the 3 bolts connecting
the 2 links. Application of fension to the
belt bends the bnks sufficiently to permit
the pair of SR-4 (Type A-5) strain gages
bonded to each fink to register the deforma-
tion. The tensiometers were calibrated sta-
tically, using a 60,000-pound Baldwin Uni-
versal Testing Machine, This calibration
provided the basis {or interpreting deffection
of the recording oscillograph, connected to
a belt tensiometer, in terms of pounds foad,
Tensiometers were used in pairs, one near
each anchorage of the belt, in arder to de-
tect differential loadings to which the belt
was subjected during colhision. The records
taken by these devices are presented in a
fater section,

PHYSIOLOGIC INSTRUMENTATION

Instrumented  anthropometnc  dummies
provide the most practical means of deter-
mimng the injury potential to vehicle occu-
pants under specific collision conditions. The
data recorded during unpact permits the de-

termination of the force system applied to
the motorist during collision and from this,
the type, the nature and the severity of in-
juries likely to be encountered. An explana-
tion of this system, together with the results
obtained, is given in a later section.

The dummy* built by the Institute is re-
ferred to as ITTED, the abbreviation for
Institute of Transportation and Traffic En-
gincering Dummy, The second dummy is
called SED, after its manufacturer, Sierra
Engineering (Company) Dummy, The
Model 120 Anthropometric Dummy (SED)
is described in detail by the manufacturer’s
brochure.®

In general, the more severe the collision
conditions, the more closely the anthiropo-
metric dummy duplicates human responses,
because the small differences between the
dummy and the human relative to joint fixa-
tion, fiesh compressibility and similar factors
become negligible during colfisions where
the body may be loaded by 1 or 2 tons
crash force,

EXPERIMENTAL FINDINGS
Human Bopy DYNaMics WITH CHANGES
N BrLT CONFIGURATIONS

The dynamics of the human body during
a collision were determined for 5 conditions
of restraint, Four restraints were evaluated
by expenmental callisions with a fixed bar-
rier, using anthropometric gummies, while
the fifth restraint was used by a buman sub-
ject in a collision with 2 stationary car at
20 mph. The results of this latter expect-
ment bave been used as a basis for estimat-
ing the performance for that restraint 1a 2
collision with a fixed object at 25 mph.
*A )y ic dummy. rc(crr:d
to as anthropomorphic dummy. A monnequinfike
aving, po w:«g‘hu,
1ers of gravaties and similar dynamic parametery
;ﬂr,:ic:h ccnttxpund closely to those of the kutman
body. The behavior of such a device during o crash
o similar dynantic event eorresponds clasely to the
yinematic behavior of the human body under simitar
conditions. {Ext.}
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The effect of varying the belt configura-
tion for a 25-mph collision with a fixed ob-
ject is given in Figure 10. The performance
of the belts used for the first 4 examples
is discussed in connection with Figures 11,
12 and Table 5. The inferred injuries de-
veloped during the first 4 test conditions are
presented in Table 6. The human subject
using the combination restraint (lap and
shoulder-loop belts) for a 20 mph-collision
with a stationary car provided the basis for
estimating the body dynamics given by the
example at the bottom of Figure 10, Details
of this test are described in connection with
Reference 4.

BrLT TENSIOMETER RESULTS

Belt tensiometers provide a force-time his-
tory of the loading to which the safety belts
were subjected, Tensiometers were used in
pairs, one near each anchorage of the belt.
(Figs. 11 and 12). For the shoulder-
restraining device, 2 tensiometers were
placed in series adjacent to each other in
order to provide for evaluation of repro-
ducibility of the tensiometer. Referring to
Figure 11, the curves show the close re-
producibility of information, An jmportant
characteristic of the shoulder-loop belt is
the fact that the rate of onset and subse-

TABLE S. PERFORMANCE OF 3 BELT CONFIGURATIONS

RESTRAINT
CONFIGURA-
TION

Peak  BELT STRESS
Force  DURATION

Les. 1IN SEconps UNITS

For RELATIVE
’19 CE RESTRAINING
IME  EERECTIVE-

REMARKS
NESS*

Chest 1,735 0.105 2,300

Lap 1,725 0057  1,500%

Shoulder
Loop

1,735 0143 1,550

100 The chest belt dissipates a greater
amount of body crash energy than the
other (see below) 2 units without in-
creasing the peak stress to the body.
Physiologic considerations are di d
elsewhere.

77 The lap belt is a somewhat less efficient
restraining device for front-seat occu-
pancy and for the front-end impact
situation. It does not prevent the head
and the upper torso from striking the
forward surfaces of car interior. Energy
is then absorbed from the most vital
parts of the anatomy by injury-produc-
ing mechanisms.

68 The shoulder belt dissipates the least
amount of body crash energy. How-
ever, it maximizes (for a single restraint}
the protection of the most vital parts of
the anatomy, the head and the trunk.

. .

an l;l;ijle area under the force-t'm}c curves (Figs. 10, 11 and 12) given in “units” by this table provides

Bt ex of the relative restraining effectiveness of each configuration. For ease of comparison, these
S are divided by a constant to make the most efficient equal to 100. Consideration was given to

the fact that lap-
were additive, whi
averaged,
1 This v;
before det

and chest-belt tensiometers were arranged in parallel so that their force-time values
ile the shoulder-belt tensiometers were arranged in senes so that their values were

alte must be corrected by the factor 200/170 to account for wei i
eight differ i
erminng the relatwe restraining effectiveness of the lap-belt. ¢ ences of dummies
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TaBLE 6. CrASH INJURY FINDINGS: AUTO BARRIER IMPACT
(Classes of Injuries: Minor, Moderate, Severe, Serious, ‘Critical)
INFERRED INJURIEST
Forcrs oN ]
Car DumMy SAFETY DECELERATION Heap
BELT (Ibs.)* ofF DuMMY
CrITICAL
No.2 ITTED (No BeLT) Head: Calculated Scattered abrasions; contu-
26 mph  FrontSeat mean deceleration sions around mouth, frontal
Passenger inexcessof 200G skull and over occiput. Prob-
(wearing able concussion. Fractured
no belt) and lacerated nose. Combined
Probable injuries probably fatal.
Fatality
MiNoR
SED 1,735 1 Muluple abrasions. Mi.nor
Driver contusions around nose, right
(wearing eyebrow, around left earlobe,
shoulder and chin. Other multiple small
loop belt) abrasions about head.
Survived
CRITICAL
No.3 ITTED 1,725 1 Multiple  abrasions; ~contu-
Impact  Front Seat sions over entire forchead,
Vel. Passenger nose, chin, frontal scalp‘(prob-
29mph  (Wearing able concussion—see Fig. 14)
lap belt) and occiput, neck and ears.
Probable Laceration right eyebrow,
Fatality neck and head of model
severed from model's body;
inferred probable fracture of
cervical spine.
MODERATE
i i ft
S Contusion and laceration !c
Dl:-x?cr 1733 : forehead (eycbrow) contuston
{(weanng over postenior and mdoccipul,
chest belt) abrasion—right car.
Survived

* Mean value of tensiometer peak readings for cach belt taken
+ Based on the examunation and evaluations of Wendell Severy, M
$ The authors chose 1o delete these data because their accuracy could not b

buzzes confounded the basic data in the manner described in connection Wi

from Figs. 11 and 12.
1.0, Hc%'crly Hills, Calif.
1d not be established. Structural

th Table 4, {E4.)
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TabLE 6 (Continued)

INFERRED INJURIEST

‘TRUNK

ARMsS

LEecs

CRITICAL

Contusions and superficial ab-
rasions over anterior midchest
wall, probably a major crush-
g injury of chest because the
instruments on chest were
crushed; multiple contusion
around pelvis.

MODERATE

Abrasions right shoulder, lac-
erations left arm, upper and
lower laterally; contusion right
wrist, Laceration right hand,
Iaterally and superiorly.

CriTICAL

Left leg disarticulated at hip
joint. Bothknees disarticulated.
Marked contusions with scat-
tered abrasions right med. lat-
eral thigh, left med. thigh and
inguinal region medially; con-
tusions below left knee and
right knee.

Minor
Contusion midanterior chest

wall (head snapped forward,
driving chin into chest).

MINOR

Few scattered abrasions both
hands.

MODERATE

Abrasion contusion left hip;
deep laceration about 2 inches
down to the bone in left upper
medial leg just below knee
joint—leg struck remote steer-
ing bracket (see Fig. 13).

CRITICAL

Scattered abrasions; contu-
sions upper anterior and right
lateral chest wall; small con-
tusion right shoulder; multiple
contusions and  abrasions
lower anterior abdominal wall
around pelvis; marked ab-
rormal lordotic curve of
thoracolumbar joint of model,
inferred fractures of thoraco-
lumbar spine,

SERIOUS

Right arm dislocated from
model at elbow joint; inferred
probable fractures of right
elbow joint. Right hand broken
through mudpalm, inferred
multiple fractures of meta-
carpals, contusional right and
left wrist. Fracture of left
thumb

CRriTICAL

Both hips disarticulated from
model; inferred bilateral frac-
tures through neck of femur
(bilateral). Severe contusion,
laceration right lateral mid-
thigh, inferred fracture mid-
shaft right femur, multiple
contustons left thigh anteriorly
and posteriorly, left knee joint
disarticulated from model; in-
ferred fractures around right
knee joint. Scattered contu-
sions both ankles.

MiNor

Contusion right upper anters
or
chest wall. PP

MODERATE
Abrasion left hand (dorsum)
and fingers. Fracture base of
first phalange right third finger.
Abrasion dorsum right hand.

MODERATE

Abrasions, contusions and Iac-
erations both knees medrally
justbelowknee joint. Abrasion-
contusion and laceration right
post. upper calf,
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TaBLE 7. COMPARISON OF DECELERATION CURVES OF FIGURE 15
FOR 3 COLLISIONS WITH A FIXED BARRIER
1 2 3 4 5 6
AREA UNDER VELOCITY-AREA RATE OF

CAR VELOCITY G-T CURVES CORRELATION ONSET Peax
No. mph SqQUARE UNITS* CoLuMN 322 Gy/sec, G
1 249 100 4.02 810 18.7
2 259 102 3.94 685 14.3
3 29.3 118 4.03 560 14.0

* Each square unit represents 1 G for 10 milliseconds.

quent reduction of the force is relatively
gradual. The belt restrains the body against
significant forces over a comparatively long
period of time. These features of the curves
suggest that the belt commenced restraining

the body more quickly following the onset
of collision so that large differential veloc-
ities could not develop between the car body
and the human body.

Figure 12 presents tensiometer curves for

WO WOTORIST
RESTRAINING f
pevice ' ' Front scat, pausenger side, ¥
viewed fron driver's side wlth
steering whee! and door removed
PaSSENGER \ 2o show dunny motion,
PROBASLE FATALITY 28 moh 25 moh o moh
Car
LT __/_—'
| ' Front seat, oa
viewed froa driv ()
PassEnGER @ steoring wheol and door renoved
Lo show dussy sotion.
A\ {
PROGABLE FATALITY 28mph e300 moh o moh
cHEST ‘
reer f Front portion at car coflapter under
gecalerative forces but stearing
ne relativaly intact, Car
omver cially driver continue
= 3 with delver striking
N ] X
suavived 23 moh 23-0mph © mph
SHOULDER
[ 1134 _/—-
' ise to chest belt
€16 pot otrits
paives @
Svrvnto 23mph 23~0mph © mph
SHOULDER AND LAP
38T CowmimaTion 1 1hat halt aerfornance
' ' sct conditlons r
uney from stribing
ivtn erfor, Cor to cor
e @ berts provided the
\ eular peesentation.
Sutvivep 23mph o mph amph

Fic. 10. Effect of varying safety-belt configuration for 2
barrier. Al sketches on this page are reasonably faithful repr

speed motion pictures of actual collistons.

5 mph collision with ﬁ"td
oductions from high-
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the lap belt and the chest belt. The tensiom-
eters on the left side for both (front scat)
dummies gave lower readings than those on
the right side, indicating that frame failure
on the left preceded the right side. This
condition was unexpected, considering the
fact that the collision was a direct (approx-
imately perpendicular to the barrier) impact.
The car was undergoing a very shallow
turn to the right to correct its course toward
the center of the barrier when it struck the
barrier. Although the impact appeared to be
perpendicular, the front side of the car
frame may have been slightly leading the right
side. Also, it is possible that irregularities
in the barrier or the basic car frame struc-
ture may have accounted for this uneven ap-
plication of forces.

The integral of the Figures 11 and 12
provides a basis for comparing the relative
effectiveness of restraining configurations

2500 r
2000 p

1500 + /

1000 |

LOAD APPLIED TO BELT~LBS.

500

000

LOAD APPLIED TO SHOULDER 80T (LeS)

50 100 130 200
TIME  (MILLISECONDS)

F1G. 11. Shoulder force—time history,
S.E.D, car No. 2 {26 mph barrier impact).

for the same collision conditions. Table 5
presents the results of this comparison.
The fact that peak forces for all 3 belt
configurations were approximately the same
must be regarded as coincidental, even
though the cars were crashed under com-
parable conditions. This becomes evident
when one considers the fact that this load is
developed as a result of 2 contributions:

CAR NO.3

S.E.D.-CHEST BELT _
~—— CHANNEL | LEFT SIDE
—— CHANNEL2 RIGHT SIDE

I.TT.E.D.-LAP BELT
—-— GHANNEL3 LEFT SIDE
----- CHANNEL4 RIGHT SIDE

100

150 350

TIME -MILLISECONDS (AFTER STROBE CUT OFF)
Fi6. 12, Barrier impact at 29 mph,
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F1c. 13. Anatomic pathologic diagnosis.

the effective mass being restrained at the
instant of maximum deceleration and the
maximum deceleration to which this effective
mass is subjected. Both of these factors will
vary for the same impact event with varia-
tions in the restraining configuration so that
the fact that the 3 configurations developed
the same peak force under a condition in-
volving a double variable must be regarded
as coincidental rather than significant. This
is further pointed out by an examination of
the curves for each belt which shows slight
variations in rates of onset and marked vari-
ations in durations of force.

Each belt configuration, per se, is capable
of restraining effectively the body against the
decelerative forces of this collision. How-
ever, particularly with respect to the front-
seat installation, the effectiveness of each
belt configuration is also dependent on the
extent to which it prevents forceful striking
of human body components against the car’s
intenior during the collision event. To the ex-
tent that human body components dissipate
their energy by striking the car interior sur-
faces, the belt tensiometers record corre-

4

FiG. 14. Damaged head areas are im-
mediately apparent because the bonded
glass canvas covering turns white on being
fractured.

extremely destructive forces applied to the
head and the chest during collision by the
front-seat dummy secured by a seat belt ac-
count for the relatively small number of
force-time units restrained by ths belt con-
figuration (Fig. 12).

If another column were added to Table 5
which included the potentialities of ea.ch
belt configuration for reducing the severity
of injury, then the shoulder belt and the
chest belt would be upgraded considerably,
relative to the lap belt, because of their per-
formance of providing restraint to the vital
portions of the anatomy (head and.xrunk).
No attempt was made to include this factor
in Table 5 because experiments were fmi
conducted to determine the relative limita-
tions of these configurations above which the
belts themselves introduce injury.

ANATOMIC PATHOLOGIC DIAGNOSIS
It is r d that a medical authority

spondingly Jower force values. C quently,
the excessive flailing of arms, the relatively
smaller forces transmatted by the legs and the

cannot be expected to translate, \vi.t}wm
qualification, structural damage occurring 10
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an anthropometric dummy into injurics
which the human counterpart would have
been subjected. It is also impractical for an
engineer to attempt to cvaluate precisely
the structural failures and other more subtle
indications of abuse to which an anthropo-
metric dummy is subjected during collision
in terms of human injury data. Until more
basic data is procured concerning the aver-
age strength and resistance to injury of the
various companents of the human body, the
combined judgment of the medical and en-
gineering researcher appears to be the most
practical approach to applying this type
of instrumentation to the experimentally
crashed car (Fig. 13). These combined eval-
uations or interpretations of the physical con-
sequences of dummy damage in terms of
physiologic consequences of the inferred
body injury are presented in Table 6 (see
Chap. 7).

On the basis of the observations presented
in Table 6, some conclusions are indicated.
The reader is cautioned against regarding
these findings as generalized or even spe-
cifically final in nature. A presentation of the
mferred physiologic consequences of this
particular type of collision has been made.
While less exacting than most systems of in-
strumentation, jt is believed that certain
useful information is provided. However, it
should be recognized that a change in any
one of the many variables of collision may
alter the injury pattern appreciably. Never-
theless, results of these tests do suggest the
following;

1. For direct front-end impacts of the
more serious type, the Iap belt versus no belt
ff!r the front-seat passenger appears to offer
little significant protection from injuries re-
cewved by contact with the forward surfaces
of the car (see Fig, 14 & Chap. 6). It should
b pointed out, however, that the lap belt will
Prevent the body from being thrown out of
the car or from being hurled about within
the car in those rather prevalent collisions
where spin-type forces are present. The seri-

Ous consequences of such accidents suggest
that the yse of lap belts is extremely im-

portant, If it can be made acceptable to the
motoring public, an upper torso restraining
device should be developed.

2. The horizontal chest belt configuration
continues to give experimental results which
indicate satisfactory protection from serious
impact injuries, This belt does permit the
hips and the legs to shift forward in the
seat so that the knees strike the instrument
panel. However, this action is considered to
be less serious than the action of the lap
belt which allows the head and the chest to
strike the forward surfaces of the car’s in-
terior. Before the use of this belt can be
recommended, it is essential that the physio-
logic consequences, if any, of the pressures
applied to the chest be investigated. This
can be accomplished by conducting tests on
live ape subjects. The use of cadavers is
not recommended because some of the po-
tential injuries of concern involve trauma
observable only in live animals.

3. The shoulder-loop belt has proved to
be the most promising single-unit restraining
device evaluated to date. This experimental
unit was developed by ITTE for the purpose
of motorist protection by the use of a
single-unit restraming device. Certain ana-
tomic components of the human body are
essential to life, while others are convenient
accessories to the function of living. Pro-
tecting the limbs, or at least the legs, from
impact injuries by the use of a lap belt may
compromise under some circumstances the
chances of survival by exposing the vital
parts of the anatomy—the head and the
trunk—to destructive impact. The shoulder
belt restrains the trunk and the head at the
shoulder level, permitting abdominal and
pelvic regions 1o shift forward. This expo-
sure of the lower trunk to possible injuries
by the steering wheel, while undesirable,
appears to be a more satisfactory com-
promise than the exposure of the head and
the upper trunk because of their relative im-
portance to survival. With the feet against
the floor, the legs are better able to restrain
forward motion of the hips than the less
strong arms, holding the weak rim of a
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steering wheel, are able to restrain the head
and the chest. As the body shifts forward,
the knees strike the instrument panel, thus
loading the femur in compression, which af-
fords additional restraint to forward travel
of the hips. The undesirable shift of the
hips could be prevented if both lap and
shoulder-loop belts were used, but this more
complicated restraining system for the pres-
ent appears to be out of the question for
the motorist.*

As a conclusion to these remarks, it may
be stated that:

1. In severe accidents the motorist is al-
most certain to receive critical injuries un-
less he is restrained to decelerate with the
car, thereby shifting the abuses of impact
from the human to the car structure.

2. The effectiveness of the lap belt as a
single restraining device has been evaluated
only for one accident type. This device pre-
vents the motorist from being hurled de-
structively about within the car or ejected
from the car, The driver remains behind
the wheel where, by retaining or regaining
control, he may prevent the occurrence of
secondary impacts that actually may prove
to be more injury-producing than the initial
collision. These experimental studies point
out that users of the lap-type belt should be
cautioned against regarding this device as
providing protection against injuries for all
types of impacts, The observations of re-
searchers at ITTE suggest that the lap belt
will prevent fatal injuries from occurring
for some types of impacts.

3. The experimental performance of the
horizontal chest belt has been very good.
Itis nearly as simple o operate and provides
a more positive restraint than the lap belt,
It may not be as comfortable to wear, par-
ticularly for women motorists, and the phys-
iologic consequences of its force system as

* However, 1t should be pointed out that this
combination of restramng devices was chosen as
the means for protecting human subjects in a recent
series of automobile collision tests conducted at
ITTE and as reported in Reference 4.

a result of collision still must be evaluated
before its use can be recommended,

4. Without the need for introducing
more complicated restraining system, the
shoulder-loop belt shows promise of over-
coming both possible injury-producing con-
sequences of the chest belt and the need for
upper torso restraint not provided by the
lap-type belt. Nevertheless, this belt is still
regarded as an experimental model, even
though with the use of dummies it has been
tested in 3 collisions with impact velocities
ranging up to 50 mph, and with the use of
human subjects, in 8 collisions to 25 mph.

HEap MoveMENT DURING IMPACT

Analysis of high-speed motion picture film
revealed that the head of both the human
and the dummy passed through a 1.5 cycle
oscillation. For both the human and the
dummy restrained at the upper torso, the
head appeared to be forced as far forward
as the neck would flex during the first phase
of the impact, After the car had decelerated
nearly to zero velocity, the restitutional
forces of the neck exceeded the now small
deceleration forces of the head, applied
through the neck, and the head was thrown
back into an acute dorsifiexion position.
Next, with the velocity of the car now at
zero, the restitutional forces which had de-
veloped in the collapsed portion of the car
accelerated it from the barrier in the re-
versed direction. This acceleration from zero
velocity to 5 feet per sccond in combinatign
with the forces of elasticity of the neck, in
the case of the 25-mph collision, forced the
head all the way forward again, l!loy}gh less
abruptly than in the case of the mma.l for-
ward movement. The resilient properties of
the neck brought about the return o'f .\hc
tead ta an approximately erect position.
Thus, the possibilitics of whiplash injuries
of the neck appeared ta exist for the motor-
ist who is restrained against a more violent
trauma.{

1 Note shearing forces at midbrain mentioned in
Chap. 7. [E4)
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While making the car considerably safer ENGINEERING

for rear-cnd coflision exposure, this problem
cauld be alleviated simultancously if the
seat backs were extended to provide head
support in the vicinity of the seat where the
head nceds support against acute dorsi-

flexion,

Table 7.
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The Problems of Establishing Experi-
mental Controls for Collision Research.
These problems are shown in the differences
in the graphs of Figure 15. The significant
characteristics of these curves are given in
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steering wheel, are able to restrain the head
and the chest. As the body shifts forward,
the knees strike the instrument panel, thus
loading the femur in compression, which af-
fords additional restraint to forward travel
of the hips. The undesirable shift of the
hips could be prevented if both lap and
shoulder-loop belts were used, but this more
complicated restraining system for the pres-
ent appears to be out of the question for
the motorist.*

As a conclusion to these remarks, it may
be stated that:

1. In severe accidents the motorist is al-
most certain to receive critical injuries un-
less he 1s restrained to decelerate with the
car. thereby shifting the abuses of impact
from the human to the car structure.

2. The effectiveness of the lap belt as a
single restraining device has been evaluated
only for one accident type. This device pre-
vents the motorist from being hurled de-
structively about within the car or ejected
from the car. The driver remains behind
the wheel where, by retaining or regaining
control, he may prevent the occurrence of
secondary impacts that actually may prove
to be more injury-producing than the initial
collision. These experimental studies point
out that users of the Tap-type belt should be
cautioned against regarding this device as
providing protection against injuries for all
types of impacts The observations of re-
searchers at ITTE suggest that the lap belt
will prevent fatal injuries from occurring
for some types ofimpacls.

3. The experimental performance of the
horizontal chest belt has been very good.
It is nearly as simple to operate and provides
2 more positive restraint than the lap belt.
It may not be as comfortable to wear, par-
ticularly for women motorists, and the phys-
iologic consequences of js force system as

* However, it should be pointed out that this
combination of restraining devices was chosen as
the means for prolecting human subjects in a recent
series of automobile collision tests conducted at

and as reported in Reference o,

a result of collision still must be evaluated
before its use can be recommended.

4. Without the need for introducing a
more complicated restraining system, the
shoulder-loop belt shows promise of over-
coming both possible injury-producing con-
sequences of the chest belt and the need for
upper torso restraint not provided by the
lap-type belt. Nevertheless, this belt is still
regarded as an experimental model, even
though with the use of dummies it has been
tested in 3 collisions with impact velocities
ranging up to 50 mph, and with the use of
human subjects, in 8 collisions to 25 mph.

HEAD MOVEMENT DURING IMPACT

Analysis of high-speed motion picture film
revealed that the head of both the human
and the dummy passed through a 1.5 cycle
oscillation. For both the human and the
dummy restrained at the upper torso, the
head appeared to be forced as far forward
as the neck would flex during the first phase
of the impact. After the car had decele{aled
nearly to zero velocity, the restitutional
forces of the neck exceeded the now small
deceleration forces of the head, appled
through the neck, and the head was thf{:\m
back into an acute dorsiflexion position.
Next, with the velocity of the car now at
zero, the restitutional forces which had de-
veloped in the collapsed portion of the car
accelerated it from the barrier in the re-
versed direction. This acceleration iropl 2€10
velocity to S feet per second in combmnn?n
with the forces of elasticity of the neck, i
the case of the 25-mph collision, forced the
head all the way forward again, tho'u.gh less
abruptly than in the case of the initial fOTE
ward movement, The resilient properties o
the neck brought about the retumn of the
head to an approximately erect p?s'm‘f"'
Thus, the possibitities of whiplash injuries
of the neck appeared to exist for the n3010f;
ist who is restrained against a more violen
trauma.t
t Note shearing forces at midbrain mentioned in
Chap, 7. [Ed.)
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steering wheel, are able to restrain the head
and the chest. As the body shifts forward,
the knees strike the instrument panel, thus
loading the femur in compression, which af-
fords additional restraint to forward travel
of the hips. The undesirable shift of the
hips could be prevented if both lap and
shoulder-loop belts were used, but this more
complicated restraining system for the pres-
ent appears to be out of the question for
the motorist.*

As a conclusion to these remarks, it may
be stated that:

1. Tn severe accidents the motorist is al-
most certain to receive critical injuries un-
less he is restrained to decelerate with the
car, thereby shifting the abuses of impact
from the human to the car structure.

2. The effectiveness of the lap belt as a
single restraining device has been evaluated
only for one accident type. This device pre-
vents the motorist from being hutled de-
structively about within the car or ejected
from the car. The driver remains behind
the wheel where, by retaining or regaining
control, he may prevent the occurrence of
secondary impacts that actually may prove
to be more injury-producing than the initial
collision. These experimental studies point
out that users of the lap-type belt should be
cautioned against regarding this device as
providing protection against injuries for all
types of impacts. The observations of re-
searchers at ITTE suggest that the lap belt
will prevent fatal injuries from occurring
for some types of impacts.

3. The expenimental performance of the
horizontal chest belt has been very good.
It is nearly as simple to operate and provides
a more positive restramt than the fap belt.
1t may not be as comfortable to wear, par-
ticularly for women motorists, and the phys-
iologic consequences of its force system as

* However, 1t should be pomnted out that this
combination of restramng devices was chosen as
the means for protecting human subjects in a recent
series of automobile collison tests conducted at
ITTE and as reported 1 Reference 4,

a result of collision still must be evaluated
before its use can be recommended.

4. Without the need for introducing a
more complicated restraining system, the
shoulder-foop belt shows promise of over-
coming both possible injury-producing con-
sequences of the chest belt and the need for
upper torso restraint not provided by the
lap-type belt. Nevertheless, this belt is st
regarded as an experimental model, even
though with the use of dummies it has been
tested in 3 collisions with impact velocities
ranging up to 50 mph, and with the use of
human subjects, in § collisions to 25 mph.

HeAD MOVEMENT DURING IMPACT

Analysis of high-speed mation picture fim
revealed that the head of both the human
and the dummy passed through a 1.5 cyele
oscillation. For both the human and the
dummy restrained at the upper torso, e
head appeared to be forced as far forward
as the neck would flex during the first phase
of the impact. After the car had dec.ele{ﬂlCd
nearly to zero velocity, the restitutionat
forces of the neck exceeded the now Sﬂfﬂ"
deceleration forces of the head, appied
through the neck, and the head was throwa
back imto an acute dorsiflexion position-
Next, with the velacity of the car now at
zero, the restitutional forces which had de-
veloped ia the collapsed portion f’f the “‘"
acceletated it from the barrier in the 1
versed direction, This acceleration from 1;;“:
velocity to S feet per second in combm:; o
with the forces of elasticity of the nccd ’zhc
the case of the 25-mph callision, f‘”“h s
head all the way forward aghin, ﬁ.\O‘\‘.SI or-
abruptly than in the case of the ummics i
ward movement. The resilient propert ’
the meck brought about the returm ‘;ﬂmn'
head to an approximately e_rccthPf;.uri“
Thus, the possibilities of .wh(plashc) “{mm_
of the neck appeared to exist for ¢ gt
ist who is restrained against 3 mose
trauma.

t Note shearing forces & midbrail
Chap. 7. {Ed.]
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While making the car considerably safer ENGINEERING

for rear-end collision exposure, this problem
could be alteviated simultancously if the
seat backs were extended to provide head

The Problems of Establishing Experi-
mentat Controls for Collision Research.
These problems are shown in the difterences

support in the vicinity of the seat where the  in the graphs of Figure 15, The significant
head needs support against acutc dorsi- characteristics of these curves are given in

flexion,

Table 7.
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Fio. 16. Moderation of collision forces by the front-end structure at
25 mph impact with fixed object.
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gitudinal deceleration, vertical accelerations
and decelerations.* The extent to which ac-
celerations other than longitudinal are pres-
ent is important, since they also have an
influence on the motorist injury pattern.

MAGNITUDE OF DECELERATION (6™)
~
o

=" = RESULTANT DIRECTION
LY QF G FORGES

100 23 150

o 23 0
TIME [MILLISECONDS}

Fic. 17. Resultant direction and mag-
nitude—car frame—Tleft side, under fire-
wall barrier collision.

CotrisioNn FORCE MODERATION
BY CAR STRUCTURE

The average-priced American automobile
has a steucture which is rather effective in
moderating the force systems applied during
most collisions (Fig. 16). The somewhat
irregular distnibution of peak deceleration
rates associated with the front portion of
the frame is attributed, at least in part, to
the presence of attachments such as the
engine mounts. A homogeneaus  structure
would be expected to fail with an orderly
reduction of peak deceleration rates from
the collapsed front-end to the undeformed
portions of the car body.

REeSULTANT CAR DECELERATIONS
roRr DIRECT COLLISION OF AN AUTOMOBILE
wITH A FINED BARRIER

Collision deceleration is seldom unidirec-
tional in that impacts usually do not involve
contacts in which the direction of motion of
their mass centers comcide. This means that
rotational as well as translational accelera-
tions generally develop during collision. Even
direct impacts with fixed objects having
large flat surfaces imvohve, in addition to lon-

Figure 17 shows the resultant-direction and
magnitude of the longitudinal and vertical
decelerations for the car frame during di-
rect impact with a fixed barrier. Initially,
and during most of the collision, the de-
celerations are predominantly longitudinal
but toward the end of the impact period 2
relatively steong vertical influence is evident.
The sequence of strong longitudinal decel-
erations followed by smaller but increasing
vertical accelerations may be fortuitous,
since the motorist is not fikely to be dis-
located vertically before the high longitu-
dinal decelerative forces are applied. This
factor requires consideration when contem-
plating the use of certain restraining devices.*

Vertical accelerations have been observed
for head-on and side impacts, but as yet
no attempt has been made to determine
their magnitudes and injury potential. The
vertical acceleration values for the barrier
collision apply only to this specific accident
type. Vertical acceleration for a rear-end
collision has been evaluated in Reference 4.

FRAME DECELERATION AND DEFORMATION

The timed-displacement of these check-
ered flags as the car frame decelerates and
deforms is photographed by high-speed cam-
eras (Fig. 4, area jmmediately to the n::}r
of the front wheel). Since the metal flag is
relatively weightless, and the rod was Joaded
essentially axial, the errors of measurement
for this system may be expected to be l?w.
However, a control for this jnstrumentation
was introduced for the purpose of evaluating
the error associated with deceleration flag
measurements. A deceleration flag, hereafter
referred to as the control flag (Target No.
10), was welded to the frame of the car
about 1 foot in front of the door past and

———
* Head impacts with car fop are not uacammon.
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oriented so that the rod pointed back nearly
flat against the frame. The rod was the same
length as the longer units used in the front
so that the error of measurement associated
with this device would be representative of
the error for the front devices. The check-
ered flag for this control unit also may be
seen in Figures 4 and 6, against the frame
under the rear door. The deceleration pat-
tern observed for this control flag as con-
trasted with the reference (Target No. 9),
painted onto the frame immediately in front
of the welded end of the flag, is given in
Figure 18,

The peak G of the control flag differs by
11 per cent from the peak G of the refer-
ence reading for the same point on the car
structure, The areas under these curves rep-
resenting the total force-time historys for
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that scction of the car structure differ by
less than 1 per cent. Thus the degree of ac-
curacy of the family of deceleration curves
obtained from 7 deccleration flags mounted
at 6-inch intervals along the front third,
left side of the frame has been established
(Fig. 19). Of course, the specific values of
peak deceleration for these curves will vary
with the parameters of the collision such as,
the speed, the type of vehicle, the object
struck and similar factors.

In addition to the value of providing the
design engincer with information relating to
the problem of collision performance for the
front third of the car, Figure 19 serves to
indicate the kind of information on collision
performance for front-end structures which
may be derived from a relatively simple in-
strumentation technic. It is recognized that

CONTROL. FLAG
{TARGET NO 10}

——~— REFERENGE
(TARGET NO 9)

60 80

—2- TIME

n
100

120 140 i60 \zoo

{MILLISECONDS)

FIG. 18. Discrepancy between deceleration patterns for the control flag
and the reference.
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following the development of this mechan-
jcal-photographic instrumentation technic at
U.CL.A,, accelerometers capable of operat-
ing under severe impact conditions have
been made available commercially. When
the proper accessory equipment can be ob-
tained, use of these instruments, although
considerably more cxpensive, is recom-
mended. The permanent deformations of the
frame for one of the 25-mph barricr col-
lisions are also provided by Figure 19 (right
portion).

Three cars of the same make, model and
year were crashed, independently into the
same rigid barrier at approximately the same
speeds. The permanent deformation of the
frame for Car No. 1 (25 mph) was pre-

sented in Reference 3. Frame deformation
for Car No. 2 (26 mph) is given in Figure
19, and for Car No. 3 (29 mph) in Figure
20, Cars 2 and 3 may differ slightly from
Car 1 because in the case of the latter the
2 front scats were mounted on a pair of
specially instrumented structural steel 4 in,
x 8 ft, I-bcams, The gross weight was 3,077
pounds for Car 1 and 3,380* and 3,240*
pounds for Cars 2 and 3, respectively. A
comparison of the deformation patterns for
these 3 nearly identical vehicles crashed un-
der essentially the same conditions is given
in Figure 21, Reasonable correlation exists

* These two cars carried an additional dummy
weipghing 200 pounds which accounts for their
marked weight difference.
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F16.21. Frame deformation patterns—barrier collisions.
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TABLE 8. AUTOMOBILE IMPACT ANALYSIS

Ivem DEertveDp

No. DESCRIPTION FroM CarNo. 1 Car No,2 Car No 3
1 Yearandmake ...........co..... Data 1937 Plymouth 1937 Plymouth 1937 Plymouth
2 Body TyPe «ovevnevevnonennninnn, Data 4-door Sedan  4.door Sedan  4-door $edan
3 Measured weight with dummies ... ... Data 3077 3,380* 3,240*
. 24 9 mph 25.9 mph 29.3 mph
4 Veloaity before impact ........... Data (36.5 fps) (38.0 fps) (43.0 fps)
" . —3 9mph ~—-3.1 mph —3.75 mph
5 Velocity after impact .......... ... Data (58 fps) (—4.6 fgs) (—5.5 ps)
. 605, fps? 460. fps? 449. fps?
6 Deceleration rate {Peak for car top). . Data 187 st) (143 %s) (14.0 E)
7 Duration of impact (Time for > 1 G) Data 170 sec. 166 sec. .19 sec. (approx)
8 Amount of Crushing of car, elastic
plus plastic ....... ety Data 2.3 ft. 2.4 ft. 361t
9 Mass(w/g)..... . . #3/g 95.6 slugs 105.0 slugs 100.6 slugs
10 Momentum before impact . #Ax#9 3,490 Ib-sec. 3,990 Ib.sec.  4,3301b.-sec.
1t Momentum after impact #5x#9  —5541b.-sec. —dB83 lb.~sec. 553 Jb.sec.
12 Total change in velocity . ...... . #4-#5 42.3 fr-sec.  42.6 ft-sec. 48.5 fr.-sec.
13 Kinetic energy before impact . ....%5(#9)(#4)2 63,700 fr.sec. 75800 ft-Ib. 93,000 fe.-1b.
14 Kinetic energy after impact . ...... 14(#9) (#5) 1,610 ft.-lb, 1,110 ft.-1b, 1,520 ft-1b.
15 Coeflicient of restitution .. .. . . #5/#4 0.16 0.12 0.13
16 Change in momentum ... . . ... #10-#11 4,040lb-sec. 4,470 Ib.sec. 4,880 Ib.-sec.
17 Loss of K.E. during impact . .. .. #13-#14 62,100 ft-lb, 74700 ftIb. 91,500 ft.-1b.
18 Averageforceacting ........ .... #I7/#7 23,800 Ibs. 26,900 Ibs. 25,700 Ibs.
filb ft.] frib.
19 Average rate of energy dissipation #18/#7 365,000 e 450,0001?? 482,000 ———
#20(60)
I 18 876 h
20 Crash horse power . 33,000 664 hp 818 hp P

* These 2 cars each carnied an sdditional dummy, weighing 200 pounds, which accounts for their

marked weight difference over car No, 1.

TabLe 9. COEFFICIENTS OF RESTITUTION FOR AUTOMOBILE COLLISIONS

CotrriCILNT
VinicLe IMPACT SITUATION oF RESTITUTION
1937 Plymouth 4-door sedan Colliston at 25 mph with flat fixed barrier 0.16
1937 Plymouth $-door sedan Collision at 26 mph with flat fixed barrier 012
1937 Plymouth 4-door sedan Collision at 29 mph with flat fixed barrier 0.13

between Cars 2 and 3, The removal of the count for its significantly different dcform::
2 feft side doors, and the alteration of the tion pattern. Although only x::nr;1 “':rcb:cn
weight and the balance of Car 1 may ac- lected which appeared not to hav
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Tantt 10. COMPARISON or 3 AutomoniLt BARRIER COLLISIONS
Trsr Car i Trst Car2 Trst Car 3
Plymounth, 1937
Car: Make, Model, Year 4y-door sedan Same Same
Impact Velocity, MPH 249 259 29.3
Weight of Car 3077 3380 3240
Barricr® Fixed Barricr Same Same
Peal G 18.7 143 14.0
CAR TOP Rate of onset, gfsee 810 685 560
Duration,t sec. 240 180 240
Coeflicients of Restitution of Car 0.16 0.12 0.13
ANTHRO- | Dummy Used ITTED ITTED | SED | ITTED SED
POMETRIC Horl
DUMMY " N Horizontal Shoulder g
i Ls N zontal
DATA Type Restraining Device Chest ap Loop one Cohcst
Peak Deccleration, G 245 b t ¥ 3
Rate of onset, g/sec 700 b4 b4 1 1
Minor, M t
Inferred Injury Ju:]gcd Probable h;ﬁg;ﬁ;c Probable :33;‘:& ¢
Classification survivable Fatality |oirvivable] Fatality [oorvivable
Loading applied to _
safety belt, Ibs, 1800§ 1725 1735 1735

* This barrier is illustrated and described in detail by Reference 3. (Also see Figs. 1, 3 and 6 of this

study.)
1 This is the d forl

dinal

1 See footnote $ of Table 6.a

inexcessof 1 G.

§ This is an estimate based on the 170-1b. dummy being decelerated at rates up to 25 G with only the

feet providing an added source of resteaint.

involved in an accident, their history of use
and abuse also may have a bearing on this
divergence in correlation,

AUTOMOBILE IMPACT ANALYSIS

. A comparison has been made of the phys-
lfal factors of 3 collisions with a fixed bar-
tier by practically identical cars crashed un-
der essentially the same conditions, This
data js presented in Table 8.

COEFFICIENTS OF RESTITUTION
FOR AUTOMOBILE COLLISIONS

o In the past, the coefficient of restitution
T the Crashing automobile was estimated

as being nearly zero. Table 9 presents the
coefficients from 3 U.C.L.A. automobile-
barrier collision experiments. These values
show that the coefficients may vary for the
same accident type. Other U.C.L.A., experi-
ments have shown that coefficients may be
expected to vary for different accident types
with a range from near complete plasticity
to partially elastic reactions.
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Safety Glass: Past, Present and Future

WiLBurR M.

How many open automobiles did you see
today? Or yesterday?

Today we ride in glass houses and we
throw stones with comparative safety.

It is a result of a laboratory accident. A
laboratory worker dropped his test tube of
liquefied cellulose nitrate. The next day he
found plastic hardened and adhering to the
glass. A laminated glass had been born.

Fullicks, an Englishman, obtained patents
in 1885, but there were no automobiles at
that time to be glazed, so he thought of
obtaining beautiful colors and combinations
of colors and shadings for cathedral decora-
tions. He used Canada Balsam to cement
transparent celluloid between the layers of
glass. Thus, laminated glass is 70 years old.

However, it was first presented for auto-
fnobi]c safety use at the Spring Motor Show
in England in 1906. Wood already had re-
ceived the first patents for automobile safety
use of laminated glass in 1905.

Much of the early laminated safety glass
was used for goggles and gas mask lenses,
as well as in airplanes and some in auto-
mobile glazing during World War L.

As for its automobile use in America,

_ * Executive Director of the Safety Glass Associa-
tien, Inc, Hillsboro, Ohia,

sarFe_;molxm.. Nore (J.K.). Mr. White’s article on
o thy glass 1s_mst.ruclivc and provocative It places
bl e doctor's disposal for the first time a vahd
mo?; in this Tegard, Mr White is one of the fore-
- Ora‘uthomlgs in this field; and, what is even more
o Phelﬂﬂt, he is a great humanitanian who is trying
those P solve some of the problems confronting
. who are attempting to reduce automobile

inju i
Juties under crash conditions and upsets
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safety glass lay dormant until the late twen-
ties when the rapidly developing closed car
called for it. The first plastic used was celtu-
Tosc nitrate with gelatin adhesive. Cellulose
nitrate was strong, but stretched very little
before tcaring and proved to be unstable
under sunlight. It turned brown with use,
and its adjunct adhesives disintegrated.

In the early thirties, after much experi-
ment and study, cellulose acetate was used
and proved to be more stable, maintaining
its clear color much longer. There still were
problems with adhesives and stretchability.

A bulge break was desired with absorp-
tion of impacting energies.

Much is heard today of energy absorption
in wreck impacts. The safety glass engineers
were deep in the problem 25 years ago.
They sat down and wrote a specification for
a “made to order” plastic. It should be
much stronger, with more stretch to absorb
impacts without fracturing bones, especially
skulls; and more stable chemically in sun-
light; also, it should be its own adhesive.

It required time to attain this goal and al-
most endless research, not to mention costs.
Above all, it took persistence and untold
patience.

In the mid-thirties the chemists introduced
the polyvinyls, However, so many workers
had come close to the same thing that it re-
quired a pooling of developments and many
patent compromises before it was practical
to manufacture the material without resort-
ing to litigation, endless debate and financial
sacrifice; furthe;mo:_\ei bl}z’cﬂxll_)sta\uce still was

gy .
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in the experimental stages. The new materi-
als, of which polyvinyl butyral is most
popular, have 300 per cent or more exten-
sibility or stretch before tearing, The old
Plastics had about 13 per cent. For all
practical purposes the polyvinyls have per-
fect chemical stability against sunlight, Few
people realize what a destructive force the
rays of the sun can be. Also, polyvinyl
butyral has great strength.

It is a material well sujted for automobile
glazing. At no time since its development has
any plastic appeared on the scene which has
€ven come close to rivaling it. However, cur-
rent studies to replace it have improved the
polyvinyl butyral jtself,

Among the difficult problems faced by the
original makers of laminated glass was that of
producing a glass only half as thick as the nor-
mal glass previously made. Now two sheets
were to be used instead of one, This was
especially trying in the case of plate glass,
To grind and polish plate glass in very thin
sheets resulted in great Joss by breakage.
Then too, the laminating technics were seri-
ous problems,

Understandably, bent windshields have
posed many more problems, These have been
met, and today their manufacture is almost
routine.

Besides laminated safety glass, so-called
“wireglass” is considered safe for certain
uses. Also, heat-treated or tempered glass
is acceptable for some purposes. Wire glass

operates on the same general principle as
Iaminated—that is, its safety function comes
from holding the fragments in place when
the glass is broken

Tempered or heat-treated glass acquires
its safety qualities from the fact that the en-
tire sheet tends to break into small fragments
when its surface 15 ruptured. Its chief safery
factor stems from :I/:inlcgrauon, while the
safety quality of laminated glass hes in its
resistance 1o disintegranion

Heat-treated glass 15 manufactured by first
producing a glass pattern shaped and pol-

ished as for final use; next, it is placed in
a furnace, brought almost to the melting
point, then it is withdrawn and subjected to
a sudden blast of cold air,

The result usually is a glass much stronger
than ordinary annealed glass under cush-
ioned blows or carefully loaded weights, but
it is very fragile to concentrated blows or
shocks,

It is the opinion of the writer that this
material is too strong for use where impacts
from human skulls are likely to occur, Skull
fractures may result when the impacting
velocity is over 15 miles per hour, experi-
ments have shown with skulls impacting un-
Yyielding smooth surfaces,

An added factor in the deliberations of
the American Standards Association’s Com-
mittee Z-26, which placed limitations upon
the use of tempered glass, was that of es-
cape in event of wreck in water or fire, After
long debate upon the question Mr, H. H.
Allen, Safety Engineer for the Motor Car-
rier Division of the Interstate Commerce
Commission, made a study of an extensive
series of Ppassenger-carrier accidents, after
which he demanded limitation of its use. No
person could break this material for escape
purposes unless he were armed with a suita-
ble tool.

Many suggestions have been advanced for
use of plastic materials alone for motor ve-
hicle glazing. Those advancing such pro-
posals usually fail to consider the severe
conditions that glass endures in moto.r ve-
hicles, such as under windshield wipers.
Grease, oils, sand, snow, ice, gravel, mud and
almost every other class of grime must.bc re-
moved by such wipers or by hand-rubbing Ol;
other glazings to maintain good ‘clanty o
vision—a “must” for safe automobile opera-
tions. A specially qualified group was ap;
pointed from the Safety Glass Committee of
the American Standards Association to study
comparative abrasion resistance of glasses
and plastics. This subcommittee rcnortcd lh:l;
no plastic was as resistant within severa
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lundred per cent as the worst glass when
tested with the Taber Abraser, for example.

Grit or very hard sand is the worst of-
fender under a windshicld wiper. It can cut
into glass in a few days if conditions are
favorable. The toughest plastics maintain
their surfaces only a few minutes under such
conditions,

Adequate optical function of the wind-
shield is of the highest importance in regard
to driver visual acuity and other functions
of “secing.” The question of what consti-
tutes adequate optical function in this regard
is a serious and complex onc. Clarity of
outline, minimum displacements of objects
seen and “minimum jumping™ of these ob-
Jects are prime considerations. Of the three,
1o doubt the most important is “minimum
jumping.”

. Clarity of outline adequate to ensure recog-
nition of objects is necessary. Displacement
of %4 inch in 25 feet is the limit allowed by the
American Standard Code for windshicld
glass. “Jumping” objects or objects whose
dlsPIaccment is constantly changing or those
fvhlcl} appear to jump is an intolerable fault
in driving. It is caused by changing thickness
of material through which the object is
Yiewed or a change in the direction of
_wedginess,” such as the line of sight pass-
ng over i ing thickness, reachi g the
Crest 9f increase and then going into thinner
material, I.n such a case the viewed object
:]:’;‘:u‘o Jump. The result is exaggerated

s fatigue—a common cause of drowsi-
ness and sleeping at the wheel.
m:i:::i:isnl:\ﬁh:; only knc?\tm material t'hat can
pressure 1o 1h:se ;ic:lr;dnéo;s ar}d resist wind
position § p of keeping the same

N In a glazing fixture such as a wind-
shield frame,
lhli\ﬁf;cdt ifsl‘t:gutemly missed by the novice in

ﬁCiemly harda1 a p]zisnc. w1.th a surface su.f-

windshields oveor mz;mtam its usefulness in
tainly woutg o ‘z(x ong period alr_nost cer-
ad out jugg o ak with sharp cutting edges

raw glass cuts. Every test

that the writer has ever scen in nearly a
quarter of a century of intensc obscrvation
in this ficld bears this out,

Now, what of the future? What is the
outlook? Can the safety glass in use be im-
proved? Arc new materinls developing to
take its place? To say that the present prod-
uct is perfect would be like saying the first
few cfforts at any job resulted in perfection.
Such an outcome would exemplify a miracle
of good luck,

The plastic used as interlayer in today’s
safety glass was developed after approxi-
mately 9 ycars of rescarch by the whole
automobile, glass and plastic industries. It
was developed in answer to a well-designed
formula for performance. It is practically
tailor-made for its purpose.

Would different thicknesses of plastic or
glass make a safer material? It is possible
that it might, but tremendous sums have
been and arc being spent to find the answer
to this question. Few weeks or days pass
without tests of new thickness combinations.
A perfect answer has not been found; or, if
it has been found, this writer is not in-
formed of the fact.

Men in the ficld of plastics maintain that
they sce nothing in plastic alone that promises
a better solution of the problems than the
cxisting combinations of glass and plastic.
Of course, they investigate the possibilities of
every new idea that occurs to them. Every
big plastic company has hundreds of re-
search specialists who know every angle
of the problem.

To the genius who seeks to attain perfec-
tion, here are the specifications:

1. The glazing material must be dimen-
sionally stable so that it can be permanently
framed in another material so closely that
wind and rain and storm are barred out no
matter how wide the range of weather tem-
perature or how great the velocity of winds
from storm or driving speed.

2. It must maintain good visibility over
a period of many years.
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3. It must not discolor or turn opaque
under a burning sun (which can tan even
some glasses) within the lifetime of an auto-
mobile,

4. Any adhesive holding components to-
gether must last as long as the life of the
vehicle,

5. It must keep its surface wnmarred
under the grinding of flintlike sands and

gravels beneath the action and the pressure
of a windshield wipsr or cleaning.

6. It should yield under a blow from
elbows, knees or skulls, but resist sufficiently,
to absorb the forces of such blows and
cushion them.

7. Sharp edges should be turned away
from objects striking the material, and the
edges should be dulled in the breaking action.
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Kinematics of the Human Body
Under Crash Conditions

EDWARD

When a vehicle is stopped suddenly, as in
a crash, human bodies within the vehicle will
also rapidly change their velocity to zero.
The considerations of the complex and vio-
lent motions described by the various parts
of the human body and of the forces asso-
ciated with their deceleration are the subject
of this discussion.

There are two general types. The first is
that of unrestrained occupants, The sec-
ond concerns the kinematics of the re-
strained body. The action of the two types
is very different. In the first case (free
body), the human continues forward at the
onset of the crash until his forward flight is
brought to a sudden violent stop on impact
agamnst the front of the car body. The free
body is associated with a hammerlike impact

* Head of Safety Design Research Department,

Cornell Aeronautical Laboratory, Inc., Buffalo,
NY

EprrariaL NoTe (1 K) Edward R. Dye, an carly
disciple of Hugh DeHaven, states the basic geo-
metric movements of the human body under for-
ward crash (simulative) decelerative force condi-
tions which he so ingeniously determined even in
the days before actual barrier crash experiments had
be:l:‘ developed. This truly proneering laboratory
cathad e ke o ? -

sice nstrumentation had not yet reached its preser‘(t
capabilities when he made his famed experiments
with his “thin man,” “thick man” and “half pint”
dummigs. Everyone engaged in crash-impact re-
search is aware of his debt to Edward Dye and his
-, Jified simulative experiments in regard to crash
lerative occupants.
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R. Dye*

blow where the duration of the arresting
forces to the human is in the order of
microseconds and the distance within which
he stops is measured in fraction of inches.

The action is different when the human
body is attached to his vehicle by an arrest-
ing harness of some kind. Now his body
starts slowing down at the same time that
the vehicle starts losing velocity. Thus, the
stopping time is much longer, and the stop-
ping distance is measured in feet instead of
inches, Consequently, the forces on the
human body are greatly reduced. Also, the
motion path taken by the body or its parts is
under control by the arresting gear.

For an engineering analysis of the motions,
the human body can be considered as a com-
plex linkage mechanism with all the link
bars pivoted at the joints. All links, with
the exception of the spinal column, can be
considered as rigid bars from joint to joint.
In our analysis, we considered the back as
a flexible member. The stiffness of this par-
ticular bar was made proportional to the
measured stiffness furnished by the tensed
muscles of the backs of laboratory volun-
teers.

The motion of the compound figure is af-
fected by both the weight and the moment
of inertia of each of the connecting parts.
As equations for the solution of kinematic
motion of the human body are somewhat
complex, we chose to use proportionally
weighted, full-scale dummies as simulators
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to solve our problems quickly. The first
studies were carried out on a full-scale pro-
portionally weighted sheet-metal dummy dis-
tinguished from other laboratory dummies
by the name “Thin Man.” This dummy was
designed to ride in a horizontal cockpit which
was accelerated by elastic shock cords along
a track on the floor of the laboratory. Time-
spacial recordings were made on graph paper

ets ot
Fi6. 23. Crash dummies (dynamically sim-
1lar to man counterparts).

Fig. 22, Crash snub-
bing test vehicle. (Figs.
22-25: Corncll Aero-
nautical Laboratory)

below the dummy through special instru-
mentation. The plotted data of some de-
celeration runs were made with loose joints
to represent minimum muscular restraint,
All were performed at the same 1.8 g de-
celeration rate (about 3 times that of frantic
braking). This dummy and associated ap-
paratus were made and used in 1948 pri-
martly for the study of the effect of lap-
type belts on the motions of the human and
the relative effects of head blows with and
without lap harness.

When no seat belt was used and the cock~
pit was subjected to a linear acceleration of
1.8 g, the head struck a point 27 inches
forward of the head and 5 inches higher at
a velocity of 16 ft./sec. and hit with an
impact energy of 1,000 in. Ibs. (600 in.
Ibs. is approximately skull fracture level
against a hard flat surface).

When a seat belt was used at 30° from
the vertical, and variously tightened to allow
4 and 2 mch movement respectively, the
striking velocities were 15 and 17 ft./sec.
respectively; but, the encrgies of the head
blow were reduced to 380 in. Jbs. and 240
in, Ibs. respectively. When the arms arc
placed on a wheel or an airplane control
stick and 2 scat belt is used, the energy
of the head blow s still further reduced,
probably because the mass of the arms is
decelerated somewhat by forces through the
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Fia. 24. Ki and hit |

for

d i (Test No. 29. Car Veloaty 27

Ips. “G" stop 2.7. G-year-old dummy right rear,)

hands. Also, the energies of the head blow
were reduced to 40 in. Ibs. and 160 in. Ibs.,
respectively,

The “Thin Man” experiments were con-
ducted with the cockpit being accelerated
along a line without any rotation. This type
of accident could occur when an airplane
dives into the ground. The motions of the
automobile body during an accident is more
likely to include a rotational component.

In 1953, jn a project sponsored by the
Liberty Mutual Insurance Company of Bos-
ton, Mass., we made a study of the action
of the human body in automobile crashes.
Full-scale, proportionally weighted articulated
dummes, one representing an adult and the
other a 6-year-old child, were placed in a
1950 2-door sedan. The car was run down
2 200 ft. track under its own power and
then suddenly brought to a stop to simulate
@ crash. Through a transparent grid on the
side of the car, we photographed the motions
of the dummies as they moved through the
car. All of these tests were simulating front-
end collisions where the car entered the
crash with the brakes set. Figure 22 shows

the general action of the test vehicle during
a crash snubbing test and Figure 23 the
dummies used. The motion picture rec-
ord was reduced frame by frame to give
information concerning the flight path, the
attitude of the body, the hit locations and the
uming. Some of the test runs were of spe-
cial interest.

The performance of a 6-year-old child
in the right front seat when no seat belt
was used showed almost pure translation
until the lower part of the body was arrested
when the feet and the knees came in contact
with the car. Then there was a rotation about
the hips until the head struck something—
in this case, the windshield,

When a 6-year-old child in the right front
scat was held in place with a seat belt, no
blow was experienced.

Figure 24 shows the flight path of the child
from the rear seat to contact with the in-
strument panel. It is interesting to note that
the whole action took place in about %
second even though the velocity of the crash-
ing car was only 18 5 mph.

When the child was placed in the seat
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face at 90° to the flight of the head pro-
duces the most energy of blow for a given
crash velocity, about 78 per cent of the en-
ergy of the entire body. The kinetic encrgy
of the body in ft. Ibs, can be calculated by
the equation wy?

KE = En
Where W is the weight of the human body
in pounds, V is the velocity of the car and
the human at the onset of the crash ex-
pressed in fect per sccond, and g is the ac-
celeration due to gravity in fect per second
(approximately 32.2).

It is possible 1o use this sort of informa-
tion in designing the interior of an auto-
mobile body to reduce the head injuries.
For example, if all surfaces within the body
of the car against which the head might
strike could be shaped to offer a maximum
angle of 60° to the head flight path, cnergy
of head blows would be reduced to approx-
imately 50 per cent,

The data on head impact locations under
free body condition of the crash snubbing
fests were reduced still further to get an en-
velope of possible head travel resulting from
afront-end collision. We found that in front-
end collisions the human head hit within a
Space 30° right or left in the horizontal
Plane and within a space 45° up and 30°
down in the vertical plane. In the design of
Automobile bodies this zone should be kept
free of objects having high injury potential.
m‘}ésmg combined information on the at-
a e of the body and the angle the barri-

e makes with the flight path of the head,

calculations were made and data plotted
for impact cnergy of head blows for both
the front-scat and the rcar-scat riders in a
typical modern passenger car. These calcu-
lations were based on an assumed crash
speed of 20 mph with the brakes fully ap-
plied (a condition typical in forward colli-
sions) and the assumption that the car hit
something solid cnough to stop it in a dis-
tance less than the distance between the head
of the person and the object in the car
against which the head would strike. The
weight of cach occupant was taken as 200
Ibs,

The approximate energy of the head blow
at any location in the car can be determined
for this set of crash conditions, This can be
compared with the injury potential of any
object within that zone to determine its haz-
ard, Some data arc already available on the
head-injury potential of various objects and
types of surfaces found in airplane and in
automobile cockpits, and more information
is being collected. As one would expect, there
is a wide range of injury potential. For ex-
ample, a 600 in. Ib. blow to the head from
a hard flat surface is required for head frac-
ture, whereas only 60 in. 1b. is required by
a sharp 90° corner.

We are only beginning to scratch the sur-
face in collecting useful engineering informa-
tion on what happens to the human body in
a car during a crash. We are limited by both
manpower and money. Much is yet to be
done, but the goal “to reduce the high in-
jury and death rate on our highways” is
well worth the effort.
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Engineering Aspects of Fractures*

HereerT R. LissNEr, M.S.%

and

F. GayNor Evans, PH.D.}

Skull fractures in automobile accidents oc-
cur less frequently than might be expected
from a consideration of the energies and the
velocities involved in crashes (Chap. 6).
This does not mean that head injury is not
a serious problem in automobile accidents.
The relatively few skull fractures can be
explained best after examining the mech-
anism of skull deformation and fracture pro-
duction due to a blow.

Al injuries are the result of the absorp-

* This research was supported (in part) by re-
search grant A-377(C6) from the National Insti-
tutes of Health, USPHS,

tion of energy. Energy will be absorbed by
the head whenever it comes in contact with
an object that is moving at a different ve-
locity.§ Three possible conditions may be
described. First, the head may be at rest
but free to move and be struck by a moving
object. In this case the head will be ac-
celerated, In the second condition the object
may be at rest and be struck by the moving
head. In this case the head will be deceler-
ated (negative acceleration). The third pos-
sibility is when the moving head strikes or
is struck by a moving object. In this case the
head may be accelerated or decelerated, de-

Nowhere has the use of engineering principles
of stress analysis been exemplified better than in
the work and the wnitings of this school at Wayne
Ui ty. as d in the at the
end of this chapter. Their employment of nstru-
mental techmics has been done masterfully and has
set the pace for others, This has been especially
rotable with the use of so-called “stresscoat™ and
electric stramn gages There has been very linfe
i ion of math t pul to obscure
the ptulosaptuc and clincal intent. In this chapter,
two members of the Wayne team present and epito-
fuze the results of many years of study based on
onginal thinking and co-ordination of theoretical
and clinical observations. Here, the connections be-
tween forces and fractures are summarnized as they
tnvolve the skull, the femur, the lumbar spine and
the pelves. It 1s hoped that further studies will be
extended to include other important parts of the
bony skeleton The key to basic prophylaxss in ¢rash
tnpuries (1o bone) should be fournd, ulumately, as
a result of this sort of imestigation. [Ed ]

+ Department of Engineering Mechanics, Wayne
University, Detront

% Department of Anatomy, Wayne Univenity,

Detros.

pending on whether the head or the object
is moving faster and also on the relative
masses and directions of each. For the 3
conditions described the injury to the head

¥ The basic laws governing inetics, or the refa-
tionships which exist between force, masi and
acceleration {or deceleration), arc embodied in the
3 Newtonian laws of motion which arc learned
separately but act together: (1) If the resultant force
acting on a body js zero, that body will remain at
rest or move with a constant selocity (in a straight
line). (2} If the resultant force acting on a body is
not zero, the body will be accelerated m the dirce-
tion of the force, and the magnitude of the accelera-
tion will be directly proportional to the force and
insersely proportional to the mass of the body
acted upon. (3) The force exerted by onc body
upon a second onc is equal in magnitude and
opposite in sense to the force exerted by the first
body on the sccond one,

The first taw illustrates that of incrtia; the second
is 2 quantitative statement (force equaly masy X
aceeleration); and the third extends the second one
to include aggregates of particles of bodies, {1d]

30
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wilt be identical, provided that the relative
selocity between the head and the object is
the same and the location of the blow on the
head is also the same.

The absorption of cnergy® can produce
mechanical damage to the head in the fol-
lowing fashion. (1) It can produce contu-
sions or lacerations of the face or the scalp.
(2) It can produce deformations and frac-
tures of the bones of the face or the skull
if the energy is sufficient. (3) The absorp-
tion of energy will produce pressure within
the cranial cavity, this pressure being pro-
duced by deformation of the skull and the
acceleration or the deceleration of the head.

Nuemerous studies have been made of the
effect of blows to the head, evaluating these
effects by means of engineering technics.® '
These studies have included tests of both
intact human cadaver heads and empty
skulls at low and at fairly high velocitics of
impact. The tests were conducted to deter-
mine the extent and the character of skull
deformation, the mechanism of fracture pro-
duction and the energy required to fracture
the skull. The time period during which the
energy had to be absorbed to produce frac-
ture was determined also.

Tests made at low velocitiest of a magni-
tude encountered in ordinary automobile
accidents, revealed the deformation pattern
of the head due to a blow. In these tests an
empty human skull was dropped on an un-
Yielding flat surface of steel. The deforma-
tion pattern obtained may be described as
follows: Directly under the point of impactt
the skull tends to flatten out to conform to
the shape of the surface against which the

—_

* Energy of a body is the property that enables
1t to overcome resistance to motion, to do work, or
to produce a physical effect,

t Mass, volume and time are scalar quantities;
that 15, having magnitude but no direction. On the
other hand, acceleration and velocity are vector
antities, having both magnitude and direction
nv: latter distinguishes velocity from speed More-
N Il’, both acceleration and velocity are absolute

alues, while speed is related to some obiject 1n the
QVironment, [Ed,)

ol ;l'he principles of impulse and momentum
Ty siteations mvolving impacts and collisions

head is striking, In effect this produces an
inbending under the blow due to the original
curvaturc of the skull. After a certain
amount of deformation has occurred the head
begins to move away from the object which
was struck as the inbended portion begins
to rcbound and assume its original shape.
During the time when the point of impact
was being flattened, the surrounding areas
were undergoing a wave of deformation con-
sisting of an alternate inbending and out-
bending taking place about the point of im-
pact and at considerable distance from it.
Thus, the point at which impact took place
and certain radial arcas about this point
were bent inward, but at the same time
adjacent radial regions were being bent out-
ward.

In another serics of tests the position of
a single lincar fracture produced by a blow
at various regions of the head was deter-
mined. If the cnergy in the blow is suffi-
ciently great, the region of the skull which
is bent outward most severely will fracture.
It is to be noted that this fracture begins at
a considerable distance from the point at
which the blow is struck. As the inbended
portion under the blow returns to its normal
position the fracture extends toward this
region, as well as in the opposite direction,
and may reach it and actually continue
through it some distance.

To determine the location of the fracture
due to a blow in any area of the head the
skull was divided into 12 areas: 4 along the
mid-line and 4 on each side. Blows were de-
livered to each of these areas in 100 ran-

between bodies. A lmear impulse is obtained as
the product of the force and the time interval of
action, At any instant the hnear momentum is the
product of the mass and its velocity at that nstant.
A collision between 2 bodies which occurs 1n a brief
interval of ttme and where relatively large reaction
forces exist 1s called impact. Elastic impacts allow
restitution of form of the impacting bodies. The
longer the time interval, the less impulsive is the
impact and the more crushing its effects. Also, the
more acute the angles of impact become (carom),
the Jess are the resultant forces (magnitudes). [Ed.]
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domly selected adult skulls to determine
where the initial single linear fracture would
occur, Despite the large variation in the
size and the shape of the skulls, a very
marked uniformity of fracture position was
found for the blows in each area. It must
be remembered that the type of deformation
and fracture obtained when the head re-
ceives a blow is a function of the velocity of
the impact, the energy available and the
shape of the object delivering the blow. In
the tests described, the object delivering the
blow was a flat steel plate. The results ob-
tained from the tests indicated that a blow
in the mid-line occipital region generally
produced basal fractures. A posterior pari-
etal blow in general produced fractures in
the temporal region, and a midfrontal blow
produced fractures above or through the
orbits,

Tests at high velocities were made on
empty skulls by dropping steel balls of vari-
ous sizes onto the skulls through long dis-
tances. Various weights of steel balls were
used to control the energy available when
the skull was struck. As the higher velocities
were reached the character of the deforma-
tion and fracture changed from that obtained
with low-velocity blows. Tn the case of the
higher velocity blows circular fractures oc-
curred about the point of impact. The large
deformations occurring at some distance
from the point of impact found with Jow-
velocity blows were no longer present. When
high-velocity blows were struck with insuf-
ficent energy to produce fractures in both
skull tables, it was found that the outer
table was depressed, and the inner table re-
mained intact. To confirm the single linear
fracture obtained in low-velocity blows, steel
balls also were dropped through shorter dis-
tances. These gave single linear fractures
as in the casc where the skull was dropped
on flat surfaces

In order to determine the effect of the
presence of the scalp and the skull contents,
high-velocity blows on intact human heads
were made with hammers. When the velocity

of the blow was sufficiently high, localized
fractures occurred under the head of the
hammer. The presence of the scalp and its
contents did not affect the results obtained.

The position of the single linear fracture
due to Jow-velocity blows was confirmed by
tests made on intact cadaver heads and also
from the examination of clinical fractures.
When the position of the blow was known
in clinical cases the fracture position invari-
ably fell in the region predicted by the tests
on the empty skulls. The same sort of con-
firmation was obtained in the tests of intact
cadaver heads. In addition, these tests were
used to determine the amount of energy re-
quired to produce fracture and the time dur-
mg which this energy was absorbed.

The energy required for production of
single linear fractures with low-velocity
blows was found to vary from 400 to 900
in, Ibs. Although a slight variation occurred
in energy requirements for fracture from
one position to another within a single head,
the variation was not great enough to be
significant. Also it was found that the energy
was absorbed in 0.0012 of a second. The
first 0.0006 sec. was used in smashing the
scalp, and the second 0.0006 sce. in deform-
ing the bone. In these tests an SR-4 electric
strain gage was cemented to the bone in the
region where the fracture line was expected.
As the fracture went through the gage it
opened the circuit, and so the time period
for fracture could be determined readily.
The heads used in these tests were randomly
selected adult cadaver heads weighing from
7 to 14 bs. They were dropped on a heavy
steel slab to ensure that all the energy would
be absorbed by the head.

These tests also showed that the scalp
serves to absorb a tremendous amount of
energy in comparison with that absorbed by
the shull for fracture. Empty skulls were
fractured with 40 to 60 in. Ibs. of energy
in comparison with a minimum of 400 in.
Ibs. of energy required to fracture the skull
when the head is intact. Another factor of
considerable importance is that with only a
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slight increase in energy absorbed, over that
required to produce a single lincar fracture,
very much greater damiage is produced. In
other words, with a slight increase in energy
beyond that required for a linear fracture
complete destruction of the head results.
Examination of the specific conditions ex-
isting in automobile accidents reveals that
frequently the victim is thrown from the car
and strikes his head against the concrete
pavement or some other nonyiclding mate-
rial, Under these circumstances the energy
input into the head will be very large, and
frequently fracture will occur. A frec fall of
only 6 ft. for a head weighing 10 Ibs. gives
an available energy of 720 in. lbs. If the
head in this instance strikes an unyiclding
matetial or object, that 720 in. Ibs. of en-
ergy will be absorbed by the head. In this
case the head has a velocity of approxi-
mately 20 fi./sec. or about 13.5 miles an
hour when it strikes. On the other hand, if
the victim remains in the car during the ac-
cident and his head is brought to rest against
some structure inside of the car, all of the
avaﬂa.blc energy in the head, by virtue of its
velocity, will not be absorbed by the head,
but some portion of the encrgy will be ab-
sorbed by the structurc into which it is
thrown. The more deformable this structure,
the less will be the energy that the head ab-
sorbs. As the head strikes, the structure or
metal_ tends to wrap itself around the head,
thus inhibiting the inbending of the skull at
2 particular point and so preventing fracture
fiom taking place. The effect of the blow
1 10 longer localized but is spread over a
considerable area so that the skull is sup-
borted and fracture is prevented. For this
feason skult fractures are not a common oc-
:}‘:"eﬂm: in automobile accidents in which
1 passengers remain within the car in sur-
vivable accidents.
shap‘;“::f"er, bending of the structure to the
e, the head, whxch.yrevcnts the frac-
PWV’emignpr?ve to be quite dangerous. The
X of fracture alone is not sufficient
Prevent serious injury to the head. By
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FiG. 26. Behavior of a column under
different types of loading. C—comptes-
sion stress; F—force or Joad; N.A.—~neu-
tral axts; T—tensile stress. (Evans:
Am. Acad. Orthop. Surgeons Instructional
Course Lectures 9:264-271, Ann Arbor,
Edwards)

decelerating the head at a rapid rate for a
relatively long period of time, pressure is
created in the cranial cavity. In turn, this
pressure produces shear strains in the mid-
brain and the brain stem areas above the
foramen magnum, resulting in concussion.!*
There is no correlation between the severity
of cerebral damage and the production of
linear skull fracture. Skull fracture may oc-
cur without damage to the brain; on the
other hand, concussion and death may occur
without skull fracture. Consequently, pre-
venting the skull from fracturing does not
ensure safety and protection for the brain.
Single linear fracture and minimal concus-
sion frequently occur with the same type
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of blows. However, if the energy input into
the head is kept below 400 in. lbs., it is felt
that neither severe concussion nor fracture
will result,

The most dangerous forces with respect to
the mechanism of fractures of long bones
are those which tend to bend or twist the
bones. Such forces give rise to tensile strain
within the bone which in turn causes linear
fractures of the bone. The manner in which
these forces produce tensile stresses and
strains* in a long bone can be easily under-
stood by comparing a long bone with a hol-
low column subjected to similar forces.®

When a column (Fig. 26 a) is loaded con-
centrically parallel with its long axis it is
subjected to compressive stress and strain
throughout the area of its cross section.
However, when a force is applied to the
column eccentrically, but still parallel with
its long axis, it causes the column to bend
as a result of which tensile stresses and
strains are created on the convex aspect of
the bent column while the opposite concave
aspect is subjected to increased compressive
stresses and strains (Fig. 26 b). Similar
phenomena occur if the column is loaded
like a beam perpendicular to its long axis
(Fig. 26 ¢). In both of these types of Joad-
ing the magnitude of the tensile and the
compresstve stresses and strains produced
on the convex and the concave aspects, re-

* The terms stress and strain refer to strengths
of the tissues discussed, or mechanics of materials,
and should not be confused with one another, Strain
1s the deformatton which results from the applica-
tion of evternal force and may manifest itself in
linear direction, shortentng as well as lengthening,

1cally and morphotogically. On the other
hand. stress 1s the internal resistance to strain in the
object or body which opposes the deforming action
of the external forces  Stress and strain are related
directly by a function of proportionahty called the
modulus of clasticity, which is a measure of the
stffness of 4 tinsue or material.

Bodtes have ut least 3 forces acting upon them*
external fpush or pull), tnertial and gm\ll:mm:ml.
Incrual forces it opposite to external or gravita-
tonal ones  The charactensstics of a force which
desenbe 1ty external effect on a ngid body are its
magmtude, direction of action and semse of the
force along its line of action. [Ed.]

spectively, is greatest at the surface of the
column and decreases internally until a neu-
tral axis (N.A.) or plane is reached at which
the magnitude of the stresses and strains is
zero. If a column is subjected to a twisting
or a torsion action (Fig. 26 d) tensile strain
is created in the column and follows a spiral
course around the column at approximately
2 45° angle to its long axis.

That the gross biomechanical behavior of
a long bone subjected to similar types of
loading is a valid analogy to a column is
evident from fractures experimentally pro-
duced in stresscoated femurs, “Stresscoat” is
the trade name for a brittle lacquer which
cracks in response to tensile strain in the
underlying material.

Femoral fractures were produced ex-
perimentally by staticallyt loading the
bones to failure in material—testing ma-
chines.®%% During these tests the load was
apptied slowly to the bone so that its be-
havior and the development of the tensile
strain pattern could be observed accurately.
In dynamic loading studies®** in which the
load is applied suddenly, the bone was loaded
to failure by dropping a brass block upon it.
The block was caught by hand on the re-
bound so that it struck the bone only once.
In thesc tests the bone or part of it rested
upon a heavy steel slab, The inch pounds of
energy applied to the bone were determined
by multiplying the weight of the brass block
by the distance it was dropped.

An example of a transverse fmcturc‘of
the neck produced by static vertical loading
of a femur in the testing machme is scen
in Figure 27. The fracturc began on the
supenor aspect of the neck, the site where
the Stresscoat cracks first appeared, and was
T Useal i into 3 pasts:
s|a'lig?ukzlxll}x{m‘:;cc&ﬂ:x:f!‘dl;n;l:r‘:i‘izmsﬁncx rrprgst"“
cquilibrium between external forces and nternal

stresses. Kinematics is geometry of metiod. with-

ot regard to forces or other causes When I'P:: lmc;

oblem
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Fio. 27, Teansverse fracture of the
femaral nech produced hy a atice load of
1,280 ths, (Evans & Lissner: Anat, Rec.
100:159-150)

parallel with the direction of the cracks, As
the load increased the fracture was scen to
extend through the neck, final failurc oc-
curring after a maximum load of 1,280 Jbs.
had been applied. During this test the femur
behaved like an ecoentrically loaded column
(Fig. 26 b}, Also during the test the head
and the neck of the bone were observed to
})e bent downward pradually by the slowly
increasing load. This downward bending
created tensife strain, as evidenced by the
presence of Stresscoat eracks, on the supe-
nor aspect of the femoral neck in a direction
parallel with the long axis of the region.

Further evidence of the behavior of the
femur, like an eceentrically loaded column,
was seen in the behavior of femurs sub-
feeted o vertical loading? With n fomur
Placed in a testing machine with just enough
load o prevent it from falting (Fig. 28 a),
a white thread extending vertically from the
mo§: rr.xcdial point of the head of the bone
© ity intersection with the shaft was taut.

owever, when a Joad of 650 fbs, had been
applied 1o the bone (Fig. 28 b) the thread
thccas:eg slack because of the bending of
foad ‘;}ll of the bone by the superimposed
“‘-mr‘ned en fhe !oad.was removed the femur
theeag bm s previous condition, and the
dicates !;Cme taut again. This clearly in-
" 2t the femur behaved as an elastic

Rirically Joaded column,

9ading a femur perpendicutar 1o its long

Fia, 28, Close-up view of femur in a
testing machine. (a) Unloaded bone. (b)
Same bone under a Joad of 650 lbs.
{Evans & Lissner, Anat. Ree. 100:159-
190)

axis also bends it with consequent tensile
strain, as indicated by the appearance of the
Stresscoat cracks, on the convex side of the
shaft opposite that to which the load was ap-
plied. Under these conditions the femur is seen
to behave ke a simularly loaded beam (Fig.
26 ¢). When a sufficient load was applied to
produce a fracture, the latter was observed
to begin on the tensile side of the bone, that
is, the convex side, opposite the side to
which the load was applied. The fracture
arose where the first Stresscoat cracks ap-
peared and was parallel with the direction
of the Stresscoat cracks, indicating, as in
the case of the previously described fracture
of the neck, that the fracture had arisen
from failure of the bone because of the
tensile stresses within it. Two fractures pro-
duced by loading the mid-point of the an-
terior aspect of the shaft are illustrated in
Figure 29. The first cracks appeared on the
convex aspect of the bone from the tensile
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strain created in it as the bone was being
bent by the Joad.

A variation of transverse loading of the
bone perpendicular to its long axis was seen
when the load was applied to the greater tro-
chanter of the femur while the head of the
bone was resting on a heavy steel slab. Un-
der such conditions the bone was bent in a
medial direction so that the inferior aspect
of the neck and the adjacent medial aspect
of the shaft were subjected to tensile strain,
as indicated by the appearance of Stresscoat
cracks in these areas of the bone. This is
essentially what happens to a femur when
one falls on the greater trochanter or when
the distal end of the femur is abducted
foreibly, For the latter reason the authors
have called this “abduction” loading.

Various types of intertrochanteric frac-
tures produced by static loading of the
greater trochanter are indicated in Frgure 30.
Figure 30, 1, is an intertrochanteric fracture
produced in a femur when it was supported
by the head and the medial condyle. A dif-
ferent type of intertrochanteric fracture (Fig.
30, 2 and 3) was produced when the head of
the bone was elevated 3 in. by a brass
block. Crushing of the head occurred
from above downward, but the fracture be-
gan at the lesser trochanter and gradually

T —~>

extended through the bone. The origin of
the fracture line and the fact that it was
parallel with the Stresscoat cracks indicated
that it too arose from failure of the bone
because of the tensile stresses within it. A
third type of intertrochanteric fracture (Fig.
30, 4) was produced when the head of the
bone was elevated 53% in. by being rested
upon a steel block, The fracture started
inferiorly, in the region of the epiphyseal
line, and spread horizontally to the posterior
intertrochanteric line at a point midway be-
tween the greater and the lesser trochanter.
Again, the origin of the fracture and the fact
that it was parallel with the Stresscoat cracks
was evidence that the fracture arose from
failure of the bone because of the tensile
stresses within it. Elevating the head of the
the bone reduced the effective bending forces
acting upon the neck and the intertrochan-
teric region of the bone, while the direct
compressive forces acting upon the shaft of
the bone were increased.

During the abduction-loading studies little
if any damage was noted at the site o.f load-
ing of the greater trochanter. Comparison of
these fractures with similar clinical fractures
from the x-ray files of Detroit Receiving
Hospital also revealed that commonly there
is no apparent damage to the greater tro-

Fic 29 Transverse fractures of the femoral shaft produced by a static
1oad of 360 Ibs. (top)and 390 Ibs. (bottom). The load was applied to the
center of the anterior aspect of the bone. T-—tensile stress.
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chanter. Structurally, the greater trochanter
is a shell of compact bone filled with spongy
bone. Although the magnitude of the force
was sufficiently great to fracture the bone,
the reason the greater trochanter rarcly was
crushed during a test is beeause of the ex-
cellent encrgy-absorbing capacity of the
spongy bone filling the greater trochanter,

The tensile strain pattern produced by tor-
sion loading of intact femurs (Fig, 31) is par-
ticularly interesting with respect to the mech-
anism of spiral fractures of Jong bones, The
pattern as a whole spirals around the shaft
of the bone at approximately a 45° angle
to its long axis, The individual cracks com-
posing the pattern also lic approximately at

Fic. 30, Types of intertrochanteric fractures produced by static loading of
the greater trochanter. F—force or load; T—tensile stress. (1) Fracture pro-
duced by a load of 1,290 Ibs. (2) Fracture produced by a load of 1,365 Ibs.
(3) Anterior view of same bone. (4) Fracture produced by a load of 335 Ibs.
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a 45° angle to the long axis of the bone.
The close resemblance between the distribu-
tion of this pattern and the behavior of a
column under torsion loading (Fig. 26 d) is
obvious. Spiral fractures of the femur pro-
duced by torsion loading (Figs. 31, 3, & 32)
also take a spiral course around the shaft of
the bone at approximately a 45° angle to its
long axis.

The close correspondence in the direction
of the fracture line with the Stresscoat pat-
tern (Figs. 31 and 32) is again evidence that
the spiral or torsion fracture of the shaft of

long bones is simply another example of a
linear fracture arising from failure of the
bone because of the tensile stresses within it,
Sometimes spiral fractures are stated to be
the result of shearing stresses in the bone.
However, if this were so, the fracture line
would pass transversely across the shaft of
the bone instead of spiraling around it.
The Stresscoat technic also has been used
in studying pelvic deformations and frac-
tures produced by static and dynamic load-
ing.* In the static Joading tests intact lumbar
spines and pelves were loaded to failure in

Fic 31. Tensile strain patterns and fracture produced by static

torsion loading. F—force; T—tensi

produced by 514 .1n 1bs. of torque.

by 406w lbs. of torque. (3) Torsi

of torane

le stress. (1) Tensile strain patiern
(2) Tensile strain pattern produced
on fracture produced by 282 in. Ibs.
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Fi16. 32. Spiral fractures produced by static and dynamic torsion loading. F—force;
T—tensile stress. {Lefr) Fracture produced by 448 in. 1bs. of torque. (Center) Frac-
ture produced by 498 in. Ibs. of torque. (Right) Fracture produced by dynamic torsion

loading. Magnitude of torque not determined.

a testing machine, In dynamic loading the
intact pelvis was dropped upon a heavy steel
block so that both ischial tuberosities struck
the block simul usly. The sp was
caught by hand on the rebound so that it
struck the block only once, The weight of the
specimen multiplied by the distance through
which it was dropped gave the energy dy-
namically applied to it. This method of ap-
P}Ying the load was chosen in an attempt to
simulate the way the force is applied to
the pelvis of a pilot during emergency es-
cape from aircraft by means of an ejection
seat.*

The biomechanical behavior of the pelvis
responsible for the different types of tensile

strain patterns (Fig 33) produced in dynamic
_

*The most severe fractures of the pelvis in
crashes have been observed from forcible ejection;
2t the same time soft tissue juries of the perineum
and the genitalia as well as of the urinary bladder
are also more likely to occur, {Ed ]

loading tests is illustrated in Figure 34, Me-
dial or lateral rotations of the anterior su-
perior iliac spines gave rise to tensile strain
parallel with the crest of the ilium in the
iliac fossa or the lateral aspect of the iliac
ala, depending on whether the rotation was
in a lateral or a medial direction, respec-
tively. If rotation of the iliac spine occurred
in both directions the tensile strain pattern
was found on both aspects of the iliac ala.
Medial and lateral rotations of the ischial
tuberosities gave rise to tensile strain in the
lateral and the medial aspects, respectively,
of the long axis of the ischiopubic rami.
Rotation of the tuberosities in both direc-
tions resulted in tensile strain on both as-
pects of the ischiopubic rami. Lateral dis-
placement of the acetabulum accompanied
by posterior displacement of the symphysis
pubis created tensile strain within the acetab-
ulum as well as in the long axis of the
iliopubic rami,
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Fia. 33. Tensile strain pattern produced by dynamic loading of the ischial tuberosities.
(Left) Pattern produced by 208 in, Ibs. of energy. (Right) Pattern produced by 85 in.

Ibs. of energy.

In order to determine the effect of the
body weight, similar dynamic loading tests
were performed on adult human cadavers
from which only the lower limbs had been
removed The deformations obtained closely
resembled those of the previous tests with
the isolated pelvis. An example of a frac-
ture of the right i1schivm of a Stresscoated
pelvis produced by 240 in. Ibs. of energy is
seen in Figure 35 a. Note the tensile strain
within the acetabulum, the iliac fossae, the

ischiopubic and the iliopubic rami as well
as the lateral aspect of the ischium, The
close parallelism in direction of the fracture
with the Stresscoat cracks in the adjacent
areas of the bone indicates that the fracture
arose from failure of the bone because of the
tensile stresses within it.

Figure 35 b shows multiple fractures pro-
duced in a pelvis by a statically applied load
of 1,350 lbs. The general agreement in the
location and the direction of the fracture

1

b 34 Ppelvic displacements under dynamic joading F—{foree;
Gr- gravity  Arrows indicate the direction of tensite stress. (Evans &

Lissner Anat Rec 121:141-166)
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FIG. 35. Pelvic fractures produced by static and dynamic loading Arrows indigate
direction of tensile stress. (a) Fracture produced by 240 in. Ibs. of energy. (b) Multiple
fractures produced by a static load of 1,350 lbs. (c) Fractures produced by a static load
of 737 Ibs. (d) A fracture produced by a static load of 112 lbs.

Iines in this specimen with the Stresscoat
cracks seen in the preceding specimen, as
well as in other specimens tested under dy-
namic loading, shows that these fractures
also arose from failure in the bone because
of the tensile stresses within it. An example
of a fracture of the right sacral ala produced

by a statically applied load of 737.5 lbs, is
illustrated in Figure 35 c¢. The Stresscoat
cracks indicated in this specimen were pro-
duced by dynamic loading of the specimen
and had no relation to this particular test.
However, the parallelism of the fracture
with Stresscoat cracks produced in corre-
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sponding areas of other specimens (Fig. 33
b) suggests that the fracture also was a ten-
sile failure, A fracture of the iliopubic ramus
produced by a statically applied load of 112
Ibs. is seen in Figure 35 d. This fracture is
unquestionably a tensile failure because ijt
extends transversely across the iliopubic
ramus exactly parallel with Stresscoat cracks
produced in this region by dynamic loading
of the pelvis as seen in Figures 33 b, 35 a
and c.
CONCLUSION

The conclusions reached from the Stress-
coat studies of deformation and fractures of
the skull, the femur and the pelvis is that the
various linear types of fractures all arise from
failure of the bone as a result of tensile
stresses within it. These stresses are created
by any forces which tend to bend the bone,
and the fractures always are initiated on the
convex or tensile side of the particular area
of the bone involved. Therefore, any mech-
anism which reduces or lessens forces tend-
ing to bend the long bones or the pelvis will
consequently reduce the tendency for linear
fractures of these regions.

The experiments of Rauber,”® Hulsen,’®
and Dempster and Liddicoat? all showed that
the tensile strength of compact bone is con-
siderably less than its compressive strength.
Thercfore, when a bone is subjected to both
tension and compression stress it fails under
tension. However, all fractures are not ten-
sile failures. Compression fractures occur in
the vertebral bodies and the calcaneum. All
the various types of fractures cxperimentally

produced could easily be duplicated by clini-
cal fractures in the x-ray files of Detroit
Recewving Hospital.
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Summary and

Conclusions

Jacon KurLowski, M.D.

The ever-increasing—even fantastic-—pro-
duction of American automobiles and other
ground automotive vehicles, the consistently
high level of actual gross crash injuries and
deaths, despite lowered rates per 100,000,000
vehicular miles, has justified current con-
siderations of motoring accidents in terms of
epidemiology rather than as isolated me-
chanical events. From this standpoint, the
injury (morbidity and/or pathology) is one
thing, and its cause must be considered apart
from causes of accidents themselves, which
represent another thing cntirely. Thus, a
happy association has been developed be-
tween medical and engincering disciplines.
Detailed studies have been and are cur-
tently underway which aim toward clarify-
ing and co-ordinating human anatomy and
human physiology with stress and strain
analyses of vehicular structures and designs.
Can humans and human parts be so studied
under experimental conditions? Were the
answer not in the affirmative, progress in
modern high-speed transport would have
ceased years ago.

Like all basic ideas, the statement that
a crash injury is caused by bodily contact
fViIh a specific object or impact area in the
Internal and/or external automotive environ-
ments is stark in its simplicity. By the same
token, its corollary, that the frequency and
the severity of injuries can be reduced
lh“fugh redesigning the injury—producing
environmental factors can hardly be doubted.
Ne&tenheless, there are large areas, inter-
vening between these two fundamental con-

a3

cepts, which beg for clarification before the
latter highly commendable aim in actual
prophylaxis can be achicved practically.
Here, the most clusive feature would seem
to be the factor of the magnitude of forces
which actually operate upon the body under
crash and/or upset conditions. Perhaps the
final answer to this question never will be
found. Also, this final answer may not be
necessary for our practical purposes of re-
duction or moderation of injuries during ac-
cidents. Certainly, enough has been said in
the various chapters in this section of the
symposium to indicate the validity of the
crash-impact point of view. In other words,
the basic ideas have been advanced. It re-
mains for developmental progress to catch
up with these experimental dicta. Changes in
some aspects of current automotive engi-
neering and design indicate that definite steps
are being taken along these lines. It may
very well be that eventually preventative
medicine and engineering applied to the
vehicular crash problem will eliminate these
injuries from their present pre-eminence as
a special category of mechanical injuries.

However, before that wishful state has
been reached, there is much that clinicians
can do to help bring it about, in the areas
of gathering and helping to interpret data
on living morbidity and autopsy pathology.
Fortunately, the first of these aims, the ac-
cumulation of data, 1s not too difficult and
is bemng carried out by various individuals
and groups. It remains only to co-ordinate
these clinical data with their mechanical
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counterparts; i.e., a fusion of human and in-
human elements into one basic design which
reflects all of the physical factors involved
in injury-producing accidents. In addition to
the relationship which exists between bodily
contacts and resultant force mechanisms of
injuries which are received, the relative im-
portance of the various bodily injuries must
be recalled. Careful reflection upon these
interrelationships between kinds of forces
which operate to produce injury and the
resultant lesions tends to focus the sharpest
attention upon basic physiologic and pa-
thologic engineering aspects which seem to
govern the over-all picture, thus blurring
out the purely clinical features of crash in-
juries. In other words, one can concentrate
upon the primary injury and its cause or
causes apart from all complicating sequellae
because the latter hold no primary signifi-
cance from this standpoint. Only on this
broad spectrum basis and interpretation can
available data be interpolated with engi-
neering prophylactic endeavors.

It may be assumed safely that the kine-
matic behavior of the human body, as well
as the human and the mechanical variables
which are involved in crash decelerations
and accelerations result in a multiple causa-
tion of injury production, although auto-
motive design and magnitude of force are
basic elements in it. The fact is that a com-
bination of forces are acting upon vehicular
occupants at all times—gravitational and
inertial, in addition to the external ones de-
rived from impacts between the body and
the contact areas. Under crash condiions
all of these forces tend to become exagger-
ated in general and more concentrated at
particular points and arcas of the body. Be
that as it may, 1t is reasonable to group
injuries generally in accordance with the
forces which were probably responsible for
them; re., appled forces (impulsive or
crushing}, incrtial forces; and various com-
binations of these most likely to result front
forcible cjecnon [t 1s relatively simple to
sisualize njunies which are produccd by

impacts and/or crushing forces. Not in
frequently, those caused by inertial ones ar
less distinctive, even to the carefu) clinica
observer.

The most frequent inertial injuries cur
rently being discussed involve so-callec
whiplash sprains of the neck and the lov
back. Until the recent work of the Wayn
University school of observers, it was m)
personal opinion that these sprains had beer
receiving too much attention in the mind:
of the medicolegal fraternity. The fact tha
shearing stresses exerted in the region of the
midbrain — subsequent to whiplashing —
could cause cerebral concussion and/oi
cerebral damage must have a most sobering
effect upon everybody who must deal with
these injuries and their sequelae. Jolts,
which are most frequenily responsible fot
whiplash effects (chiefly rear-end collisions)
can be moderated generally through changes
in engineering design and materials which
would tend to a more gradual (prolonged
in time and distance) type of structural de-
formation under average loads of collisfon
impacts. Thus, peaking would be minimized
also, although this factor is probably not
so prominent as was once thought to be the
case.

More serious types of inertial force-injury
relationships probably exist in respect to
suspended organs of all kinds. A most spec-
tacular inertial injury involves the partial
or complete rupture of the aorta which is
admittedly rare in riders of crash vchicles,
but an excelfent cxample of this sort of in-
jury. The factor of salety suspension of the
riders in ground vehicles should be discussed
in some detail.

I am n complete agreement with those
who advocate safety belts and other forms
of safety barricrs in order to afford greater
protection to crash victims and increase their
chances for survival. The words protection
and survival have other important clin-
ical implications which must be remembered
as they relate 1o actual avtomobile occu-
pants, not ’cxpcrimcnml subject or
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anthropomorphic dummy., In the first in-
stange, the forces are controlled in repard
to tme, ditection amd distance of decclera-
tion. Merconer, the extremitics ate secured
against flaiting, cle, Finally, the subject is
prosumably a healthy specimen. There is no
reasen 10 doubt that safety bartiers will
give more protection and therefore inereate
the sunvival rate. But, it should be remem-
bered that the chances for incrtial types of
injury (admittedly chiefly of a minor to mod-
erate degree) are increased ateo when forces
2t being tranmiticd to eidees through suse
pmsory or retentive belis or hamess, In
other words, impacts and other applicd
forees are being substitnted by incrtial ones.
Itis 3 wellknown fact that the arcas of the
body to which these atter forces are being
tansmitted are very tolerant ones, However,
nereasing protection and survival rate will
valt in some diagnostic and therapeutic
problems which have not yet been giten an
Sppostunity o emerge clinically due to lack
of time for, and the more widespread em-
P‘ﬂ)ngcm of, safety pear,

This statement is based upon autopsy
Indogs in which abwious dnertial injusics
#oie and below the diaphrapm were found
u_xabupdancx: but did not have any connce-
‘g’;’ﬂ viththe causes of death. In other words,
m‘is‘hm people lived l?ng enough, these

il ‘aind fhemorrhages into omental and
ssues and structuses would have pro-
d;ed Symploms o ca){ !o‘r the most careful
*otial diagnostic thinking and treatment.
Ih;ai:;:‘ ‘po‘mt is that of a state trooper
. ra]ﬁmsﬂ:mmc)mhs ago, rofled his car sev-
i Wascr a cf)llssx?n of moderate speed
e s - ‘;‘car:fxg ’hn safety belt, At that

ominy d§ Ospitalized b:cnus? of some
e by é;ﬂ?mfort and complaints. Thcse
e iy inite symptoms have persisted;

i 7 now being that of diffuse abe

. n.al adhesions, pr bly b
Tg:c“‘;;fc']ﬂ! injuries below the diaphragm.
T, 'an, 2 colleague of mine, is con~
Gon o ‘itan exploratory abdominal opera~

3 man. 1t may well be that other

reasons for the man’s disability will then
come 1o light, However, his complaints are
all limited to the Yower abdomen where the
belt anubbed him violently,

Recently! the following specific crash-
proofing aupgestions have been made: (1)
better rollover frames or bars, at feast
double strenpths (2) allaround safety belis
av standard cquipment; (3) safety door
fatches; (4) padded dashboard; (5) pad-
ding and restraining devices (for folding
seats) for backs of scats, especially in sec-
ond seat of station wagons, for children’s
protection; (6) climinate rear seat window
fedge, and consequently the placement here
of dangerous articles; (7) smooth surfaces
on the putside of cars (climinate sharp dan-
gerous projections to protect pedestrians);
(8) better shock-absorbing (encrpy) steer-
ing controls; (9} hydraulic-type bumpers;
(10) other safety features, including reflce-
tive tape on rear bumper and door edges,
left cutside nurror, back-up lights, better
stop lights in general, clectric signal lights,
front window washers, photocicetric-eye hight
dimmer, drag-belt or static releasing cham,
and a fifgher wiadstueld and roof on some
models for the tall driver, Many more will
come 10 the manulfacturers’ attention as time
goes on,

Oddly cnough, the most obvious single
injury potentinl in any automobie — the
windshield—has received the least attention
in recent years Perhaps, the laccrative char-
acteristics, as well as its contusive ones, of
broken safety-glass have been dulled in the
consciousniess of current attitudes by the
word “safety.” This is one result of over-
working a good word; even to the extent
that the sword or word sound actually takes
over the significance of what it is supposed
to mean. The intent and the action has been
taken over by the sounded word. Actually,
automobile manufacturers and safety-glass
manufacturers are keenly aware of the short-
comings of so-called safety-glass and would
Ieke to improve it, and will do so when some-
thing better becomes available.



326  Summery and Conclusions

Another point worthy of special mention
along lines of secondary safety has to do
with safety automotive engineering main-
tenance. Up to the time that the automobile
Ieaves the factory, its performance relia-
bility is taken for granted by the buying
public because this product has earned for
itself that kind of acceptance from cus-
tomers, The principle of caveat emptor no
longer can be applied. The same cannot be
said generally in respect to the reliability of
garage service. It is mentioned here in the
sense that safety gear—for the present at
least—is for the most part optional equip-
ment. Also, reliable performance is optional
with drivers but should be made mandatory.
Be that as it may, the servicing must be
reliable safetywise. If it is not reliable, it js
because the factory assembly is too com-
plicated to allow adequate access to the
vital parts of the engine, etc., and the fault
is with the manufacturer who must remedy
such a situation as soon as possible. In any
case, manufacturers should see to it that
their products are not impaired by poor serv-
icing, Improvement in this area could do
much to rejuvenate an ailing industry, How-
ever, it must be admitted that few accidents
can be attnbuted definitely to mechanical
failures. Nevertheless, the above admonitions
falt into the over-all mosaic of the safety
pattern and cannot be ignored or neglected.
Also, strictly speaking, this is an area for
accident prevention but is another example
of how all facets of this problem tend to
blur into one another in a complementary
or supplementary fashion, This is true for
the practical as well as the theoretical as-
pects of motoring accidents, injuries and
safety

Progress in crash-impact engineering and
design tends to show that human tolerances
to crash forces—as they operate during ac-
cidents-—are adequate enough for survivable
crashes, but that current basic concepts of
engineering are not taking full advantage of
that human factor, Already, steps have been
taken toward that end, and greater promises
seem to be imminent. Thus, another link
has been forged in the chain of ap-
proaches and methods of study and con-
trolling motoring accidents in order to Jower
the morbidity and the mortality. It has been
stated that driver proficiency-—upon which
all primary safety depends to the greatest
single extent—is the result of psychosomatic-
mechanical factors. Already, two of these
elements have been dealt with; ie., the so-
matic and the mechanical, albeit from the
standpoints of the injury and injury cause
alone.

Considerations of the psychosomatic-
mechanical factors involved in accident pre-
vention will bring us to Part TIT which will
be published in the spring of 1957. That
will complete the ring reflecting the clinical
life history of motorists and motoring. It is
a ring composed of several (3) separate rings
like those in a puzzle; for flexibifity and re-
arrangement whenever that is called for in
the complex make-up of this modern activity
of mankind.
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lack of data, engineering and medical,
for recommendations, 265
progress of studies, 266267
research, terminology for degrees of
injury, 274
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human, definition, 261, 263
and medicine, bridging of gap between, 262
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vitamin A deficiency, 8
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of hip, 241
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314-315
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genetics, 22-23
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prophylaxis, 23
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terminale, of spinal cord, 62
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femur, experimentaily pmduccd,')l-i-}l()
ic, types, exper )]
produced, 316-317
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single Imear, position, intests, 31 l,'BlZ
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skull, in automobile accidents, 310
Iincar, with or without damage to brain,
313-314
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Tragilitas ossium, 132 .
Frejha, pillow apparatus, use in reduction of
congenital hip dislocation, 237

Galloway arthrodesis, modified, for neurogenic
arthritis, 222
Genetics, influences in abnormal embryonic
development, 16-17
of joint discases, 20-31
arthritis, rheumatoid, 24-25
diagnosis, importance of accuracy, 20
gout, 27.28
Heberden's nodes, 21.22
osteoarthntis of hip, 28.30
restriction of data to same disease in
studics, 20
theumatic fever, 22.23
spondylitis, ankylosing, 25-27
Genital tract, congenital malformations, in
rats, from vitamin A deficiency, 8
Glass, safety, discovery, accidental, 301
carly uses for automobile, 301
future, 303-304
laminated, problems, 302
past, 301
present, 301-303
specifications for perfection, 303-304
tempered, 302
windshield, bent, 302
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optical function, 303
“wireglass,” 302
Gout, etiology, 28
genetics, 27.28
and hyperuricemia, 27.28
incidence, 27.28

Haltux valgus, heredity in, 155-157
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Hang, congenital anomalies, 146-153
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308,
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Head (Continued)
injuries, blow(s), deformation pattern from,
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effects, 311
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areas, 311-312
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mechanical damage from absorption of
cnergy, 311
from striking concrete pavement in
automobile accident, 313
movement during impact in automobile-
barrier cxperiments, 292-293
Heberden's nodes, genctics, 21-22
traumatic, 21
Hemarthrosis, massive, management, 186-188
active motion within painless arcs, 187
aspiration of joint and instillation of
dispersing agent, 186
braces, leg, 187-188
clastic compression bandage, 186
hyaluronidase contraindicated, 186-187
Hemophilia, incidence, 163
management, 185-189
correction of joint deformities, 188-189
massive hemarthrosis, 186-188
prophylaxis, 185-186
Sec also Arthropathy, hemophilic
Hemorrhage, 1nto joints. See Arthropathy,
hemophilic
nto knee joint, alterations in cartilaginous
and osseous elements after, 168-170
into thenar eminence and palm, causing
adduction deformity of thumb, 165
Hecredity, as basis of joint diseases. See
Genetics, of joint diseases
as cause of congenital anomalies in skeleton,
differentiation from nonhereditary
influences, 10
in malignancy, 142-145
Milroy’s disease, 124, 125
osteogenesis imperfecta, 134-139
See also Anomalies, congenital
Hilgenreiner’s measurements in diagnosis of
subluxation, 113
Hip joint, calcification and ossification, 168, 169
dislocation, acetabular roof obliquity,
104-106
in arthrogryposis, 10
congenital, capsular relaxation as related
to common findings, 103-105
ncidence, bilateral, 104-105
geographic, 103-104
sex, 104
causes and effects, 103-119
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Hip joint, dislocation, ital (Continuted) Hospital (Continued)
complication, paralysis, spastic, severe, first private institution in United States for

105, 107
poliomyelitis, 105
with coxa, valga, 239
vara, 239-240
incidence in Central Europe, 237
reduction, response, acetabular,
110.112
contour of femora! head, 112113
resubluxation, acetabular response, 111,
2
secondary anatomic findings, 106-107
sphnt, 99-102
modifications, 101-102
subluxation, roentgenographic diagnosis,
113-114
treatment, 117-119
biomechanical apparatus of
Hanausek, 237
pillow apparatus of Frejka, 237
surgical, Jan Zahradnicek approach,
237-242
after-care, 240-242
results, 241-242
technic, 238-240
in utero, 105
vascular epiphyseal changes, 115-118
icht-bi n 1: I

g
findings, 108-111
coxa valga, 109-111
progressive anteversion or femoral
torsion, 107-109
experimental inductjon in chicks, 9
roentgenographic anatomic variations
cxplained primanly by capsular
relaxation, 105-106
osteoarthritis See Osteoarthritis of hip
subluxation, diagnosts, Hilgenreiner's
measurements, 113
rocntgenographic, 113-114
Shenton's Iine, 113
Wilberg's center-edge angle, 113, 114
synovitss, from deep thrombophlebstis, case
studies, 227-230
Home accidents, insurance, usc of expert
medical witness, 255-256
Hormones, disturbances 1n mother as potential
danger to fetus, 9
imbalance, abnormat embryonic development
from, 14
Hospital, equipment, 249
finances, distribution of costs of operation,
249-250
increased covs, compared with increased
fees of physician, 250
relation of time clement, 249

treatment of orthopaedic disorders,
4

Long Island College, founding, 4
and physician, 249-253

Yy of space and faciliti
251

Humerus, epicondyles, broadening, deformities
from, 181

head, formation of osteophytes along inferior
articular margin, 182
Hyaluronidase therapy, contraindicated, in
hemarthrosis, massive, 186-187
Hydrocephalus, in rats, from vitamin By
deficiency, 8
Hyperuricemia, and gout, 27-28

Impacts, automobile-barrier, 275-299
engineering, 293-299
analysis, 298, 299
collision force moderation by car
structure, 293, 294
coefficients of restitution for collisions,
298, 299
frame deceleration and defosrmation,
294-298
problems of establishing experimental
controls for collision research,
288, 293
resultant car decelerations for direct
collision of automobile with fixed
barrier, 294
equipment and factlities, 275-277
barrier, 275-276
cameras and nstruments, 276-277
cars, 276
experimental findings, 284.293
anatomic pathologtc dragnosis, 290-292
belt tensiometer results, 285, 288-290
head movement during impact, 292-293
human body dynamics with changes in
beit configurations, 284-287
nstrumentation, 278-284
accelerometers, 280-282
camera-oscillograph synchronization,
278-280
frame ndicators, deceleratton, 282-283
deformation, 283-284
Hathaway Recording Osciilograph,
279-282
photography, 278, 279
physiologic, 284
tensiometers, 284
procedure, experimental, 277-278
value of experiments, 275
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Incision, T-shaped. in Zahradniceh wrgical
approach to congenital dislocation
of hip, 238

Industry, injurics, Taw suity, use of expert
medical witness, 255

Infection, as possible cause of abnormal
embryonic devclopment, 15-16

Instrumentation, in experiments with automo-
bile-barricr impacte. See Impacts,
automohile-barricr, instrumentation

Tnsulin, in experiments on chicks, congenital

anomalies of skeleton, 9

therapy, scapulocostal vy ndrome, 194

lodine deficiency, cretinism from, 14

Tschium, tuberonities, tensile strain pattern pro-
duced by dynamic loading, 321

Joints, deformitics, Nexion, ctiology, 164-167
imhalance of muscles, 166
pain, 164.165
secondary to hemorrhages in muscles
and fascial planes, 165
discases, genetics. See Geneties, joint diseases

lfcil.h, Sir Arthur, Menders of the Maimed, 6
lf;y s classification of hemophilic arthritis, 182
Kinematics of human body under crash condi-
. tions, 305.309
dumrfucs. adult vs. child, 307-308
attitude of body at time of contact with
i forward structures, 308-309
hgad impact, 308, 309
with or without seat belt, 306-308
| bse in studies, 306-309
]mms'as pivots, 305, 306
restrained and unrestrained occupants, 305
Tige Joint, alterations in cartilaginous and
osscous elements after repeated
hemorrhages, 168-170
Charcof, in tabetics, 219
der"ﬂﬂlly(i_cs), angular, from collapse of
fexi giant cyst, 169, 170
‘exmn, from hemarthroscs, 188-189
i ‘mm.hcmarxhroscs, 180-181
slocation, experimental dislocation in
e chicks, 9
Piphyses, overgrowth, knobbiness from,

¢

if:let:;gphxha, macroscopic findings, [73-175
. Ondyla'rcminchC,aplasia,21 1,212,216
Yperplasia, lateral tubercle, 210-212, 214
medial tubercle, 210-213 '
hypoplasia, 211, 212, 215
“‘°;Phglogic variations, 209-217
;‘-‘RSSIﬁcati‘an of Bauer, 209-210, 214
norg]}:irplasm, total, 210-212
,2 ll'c())enzt?inogmph;g appearance,

Kondolcon aperation, Sistrunk modification,
for Milroy's discasc, 128

Kinig's classification of hemophilic arthritis,
18

Labrode, description of poliomyelitis compli-
cated by neurogenic arthropathy,
218
Lacunae, Weichselbaum’'s, 175, 176
Law, Wolfl's, 105
Lead poisoning, as possible cause of abnormal
embryonic development, 14
Leg(s), cdema, hereditary, persistent, See
Milroy's discase
of rat, congenital anomalies from vitamin D
deficicncy, 8-9
Legg-Calvé-Perthes disease, incidence, 30
Linoleic acid, deficiency, abnormal embryonic
development from, 14
Lobstein's disease, 132
Long Island College Hospital, founding, 4
Lordosis, contributions of last 3 lumbar
vertebrace, 55
lumbar, 54-57

Malfor ital. See C ital

anomalics
Malignancy, heredity as factor, 142-145
Slye’s experiments 1n heredity of cancer in
mice, 142-144
Malum coxae, genetics, 29
Afenders of the Maumed, by Sir Arthur Keith, 6
M relation to develop of
Heberden's nodes, 22
Mcticorten therapy, Milroy’s disease, 130
Milroy's disease, 122-130
basal metabofic rate, 126
biopsy specimens, 126
blood calcium, 126
climcal picture, 122-130
description in medical literature, 129-130
etiology, 130
family records, 124, 125
general physical examination, 125
pain, absence of, 127
treatment, 127-128
drugs, 130
surgical, 128
Mitchell, S. Weir, relationship between disease
of central nervous system and
destructive arthritts of weight-
bearing joints, 218
Mortality, fever, rheumatic, 22
heart disease, 22
Motor vehicle injuries, law suits, use of expert
medical witness, 254
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Muscles, hemorrhages into, with flexion
deformities of joints, 165
imbalance, flexion deformities of joints from,

quadriceps, atrophy and loss of power, in
hemarthrosis of knee joint, 187
Musculoskeletal disorders, hereditary influences,
investigations, 1
Mutant, definition, 35
Mutation, definjtion, 34-35
direct, in man, number recorded, 36-37
estimation of rates in man, 34-42
methods, direct, 37-39
indirect, 38-39
prospects for future research, 42
tabular Yy, 40-41

P

incidence, 35

rate(s), cerebral palsy, 1
chondrodystrophies, 1

and selection as kindred processes, 35-36

Nail, intramedullary, in arthrodesis, for
arthritss, neurogenic, 220
Smith-Petersen, immobilization in congenital
dislocation of hip, 239, 242
National Advisory Committee for Aeronautics,
crash testing of aircraft, 272
organization of sub ittee on flight
safety, 273
Neck, webbed, congenital, 10
whiplash strains from automobile accidents,
324

Necrosis, after hemorrhages into soft tissues
about joints, flexion deformities of
joints from, 165-166

Nerve, degeneration, from vitamin A deficiency,
8

Nervous sysiem, central, control over
penpheral structures, 218-219
Nodes, Heberden's, genetics, 21-22
traumatic, 21

Orthopaedics, definition, 71
Oscillograph. Hathaway Recording, in experi-
ments with automobile-barrier
impacts, 279-282
Ossification, eprphyseal, retarded. with sub-
luxation of hip, 106
and thickening of triradrate cartilage in
congenital dislocation of hip, 106
Osteoarthritis of hip, etiology, 28-29
geaetics, 28-30
hereditary transmussion, 30
incidence, 29 30 .
Osteochondrody strophy, expenmental induction
in chicks, 9

Osteogenesis imperfecta, 132-140
clinical aspects, 132-133
congenita, 132
experimental induction in chicks, 9
inheritance, 134-139
tarda, 132
terminology, 132
Osteopsathyrosis, 132
Osteotomy, pretrochanteric, for congenital
dislocation of hip, 238, 239
Outline of the Principles and Practice Adopted
in the Orthopaedic Institution in
Brooklyn, by Louis Bauer, 4
Oxygen pressure, variations, abnormal
embryonic development from,
14-15

Palsy, cerebral, mutation rate, 1

Pantothenic acid, deficiency, abnormal
embryonic development from, 14

Paralysis, spastic, severe, complications,
dislocation of hip, 105

Patella, overgrowth, deformities from, 180, 181

Pelvis, displacements under dynamic loading,
320

fractures, produced by static and dynamic
loading, 321
types of tensile strain patterns, biochemical
behavior, 319-320
Photography, in experiments with automobile-
barrier impacts, 278, 279
Physician, fee, 251-252
increase, comparison with inereased
hospital charges, 250
and his hospital, 249-253
in relation to corporations, 252-253
Pin(s), Steinmann, in arthrodesis, for arthritis,
neurogenic, 221, 223,225
Plastics, as substitute for glass, abrasion,
302-303
specifications for automobiles, 301
Poisons, abnormal embryonic development
from effects of, 14 X
Poliomyelitis, complications, distocation of hip
on attempted weight-bearing, 105,
106 K
Polydactylia, as dominant hcrcc'hmry trait, 10’
Polyvinyl butyral, for automobile glazing, 302
Polyvinyls, introduction into automobile
manufactering, 301-302
Prednisolone therapy, Milroy's disease, 130
Predmsonc therapy, Milroy's discase, 11‘30
Prosthesis. in childhood ion for

Pr

deformity, 303-204

ctiologic factors, 198

cttremity, lower, infants and children, 201-
203
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Prosthesis, in childhood, extremity,
tower (Continued)
problems of acceptance, 202-203
upper, 199-201
child from 6 1o 12, 199.200
infant amputee, 200
problems of acceptance, 200-201
growth factors and the child amputee, 203
incidence, of amputee individuals, 207
Timb(s) missing from birth, 207
problems, 197-208
for further study, 204-207
functioning braces for orthapacedically
handicapped individuals, 206-207
overgrowth or hypertrophy in amputa-
tion stump, 204205
retardation pattern evhibited by
unilateral congenital arm cases, 206
underdevelopment, 205-206
Psychobiologic considerations, 198-199

Quadriplegia, spastie, 107

Race as factor in incidence. arthritis,
neurogenic, 220
Rads, absence, incidence, 10
head, epiphysis, increase in size, from
hemanthroses, 171
Restas therapy, Bauer ns cxponent of, 4, 5
Alubcrc.ulosu of vertebrae, 6
Riboflavin deficiency, abnormal embryonic
. development from, 14
congenital deformities of sheleton from, 7
oentgen rays, radiation, cxposure of rat or
mouse embryos, abnormal develop-
ment from, 9, 15
normal embryonic developme
from, lS-l(? pment
maternal, congenital defects from, 10

Sacrum, hy ;
Tum, hypobasal 2
mc]maliog, 53-5;‘% 49,50, 52

dsstribution of angle, 54, 55

Rubella, ab,

reraft, introduction, 269
Sc:;’;i’e';memary. introduction to, 261-264
s ects;x)fzhsalmamcr blows on, experiments,

Sea) ;

pulae, neck, elongation, deformities from,
Seapulocogtat

! s

?ho}ogy, 191):lluglgome, 191-195

fcidence, 191, 19, 194

. Occupations, 194

Ymptoms, areas, 193

areas, trigger no;
duration,g %Mpmm, 194

Scapulocostal syndrome (Continned)
treatment, injections of Intracaine, 194
type, atraumatic, 191

postural, 194
traumatic, 191
Sclerosis, subchondral, of femur and tibia,
170-171

Sceoliosis, experimental induction in chicks, 9
hereditary influences, research, 1
idiopathic, reporting by Bauer of first

statistical study, 5
infantile, splint, 97, 99
modifications, 99
Sex as factor in incid arthritis, rh
24
gout, 28
Heberden's nodes, 21
osteoarthritis of hip, 29
spondy litid, ankylosing, 25-27

Shenton's line in di is of dislocation of
hip, 113

Shoulder joint, defornuties from hemarthroses,
181-182

humeral side, hemophilia, macroscopic

findings, 172-175

Sistrunk modsfication of Kondoleon operation,

for Milroy’s disease, 128

ital lies, See Congenital

anomalies, skeleton

Shull(s), empty, tests of impact of steel balls,
312

Sheleton, cc

fractures, in automobile accidents, 310
linear, with or without damage to brain,
313-314
Smith-Petersen nail. See Nail, Smith-Petersen
Spina bifida, 63-65
experimental induction in chicks, 9
Sptnal cord, abnormalities, complete sacral
cord in adult, 65, 66
diastematomyelia, 65-66
diplomyelia, 64, 65
doubling, partial, due to cartilaginous or
bony wedges, 65-66
true, 64, 65
diagrammatic representation, 62
embryology, 61-64
lumbar, abnormalities, 63-66
spina bifida, 63-65
and nerve roots, anomalies, 61-69
and sleeves, malformation, 66-68
abnormally large size, 66-67
accessory nerve root, 67-69
dichromatous filum, 66, 68, 69
normal appearance, 62
transverse section, 62-63
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Splint, hobble, for clubfeet, 93-95
modifications, 94-95
equinus, 95-97
modifications, 97
Thomas, development of, 6

Splintiner fam mnmbnzliad o

t 102

definition, 91-92
displacement, congenital, 82
dysplasia, disuse, 92.94
pressure, 92
equinus splint, 95-97
modifications, 97
hobble splint for clubfeet, 93-95
modifications, 94-95
infantile scoliosis, 97, 99
modifications, 99
molding, 92
torticollis control, 100-102
valgus splint, metatarsal, 97, 98
night, 97
varus sphnt, metatarsal, 97
nizh, 97,98
Spondylitis, ankylosing, etiology, 27
genetics, 25-27
incidence, 25-27
Spandylolisthesis, 71-86
clinical manifestations of deficit, 79-84
outline of problem, 73-74
pathogenesis, 71-73
survey of observations {1950-1955), 74-78
therapeutic conclusions, 84-85
types, of posture, 80-84
of spinal columns in patients treated
conservatively, 80, 82-83
Stapp, J. P, sled for studying high deceleration
effects on human subjects, 271
Status Bonnevie-Ullrich, 17, 18
Streblomicrodactyly, 150-152
Strep inf , rh
after, 23
Stresscoat technic in study of engecring
aspeets of fractures, 318-322
Sulfonamudes, use in induction of congenital
anomalies tn chicks, 9
Sverdlefl, publication of cascs of syringomycha
with Charcot arthropathy,
218,219

ic fever

Synovttis, hip joint, from deep thrombophlebitis,

case studies, 227-230
Synthalin, use tn induction of congenttal
anomalies in chicks, 9
Syringomyelia. with Charcot arthropathy,
- 218, 219

with neurogeme arthrats, 219-220
wleerations, trophic, 219

Tabes dorsalis, with neurogenic arthritis,
219-220
Talipes, equinus, splinting, 95-97
modifications, 97
valgus, metatarsal, splint, 97, 98
night, 97
varus, metatarsal, splint, 97
night, 97, 98
Temperature, changes, effects on embryo,
probable irrelevance in man, 15
Tensiometers, belt, results in experiments with
automobile-barrier impacts, 285-
288-290
in experiments with automobile-barrier
impacts, 284
Ter ische Termi,
Schwalbe, 17
Thalium salts, use in tnduction of congenttal
anomalies in chicks, 9
Thomas splint, development of, 6
Thrombophlebitis, deep, synovtis of hip jount
from, case studies, 227-230
Thumb, deformity, adduction, after hemorrhage
into thenar eminence and palm,
165
Thyroid, deficiency, in pregnant rats, abnormal
embryomic development from, 14
Tibra, bowing, experimental induction in
chicks, 9
condyle, medial, cysts, 168
epiphysis, medial, overgrowth, deformuties
from, 181
growth in fragment in gl lep amputee, 205
hed-out arca in llous bone, 167,

At of

P

169
selerosis, subchondral, 170-171
spine, absence, congenital, 213.214
aplasia, complete, 213
variations in morphologic development,
209

varus deformity, from avergrowth of medial
epiphysis, 181
Toes, supernumerary, incidence, 10
webbing of skin between, See Zygodactyly
Torticollss, sternocicid \ \
control, 100-102
Traction, lower extremuties, attitude of Louis
Bauer, 6
Trypan blue, malformations wn rats from
injection before and duning
pregnancy. 14
“Furnbuchles, Chaenley type, in arthrodesis for
neurogenic arthritis, 223, 225
makeshift, 1n asthrodesis for neure  pic
hritis, disastrous ressx
b2

-
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USASs Directorate of Flight Safety, investipa.
tion of human factors phave of
aireraft nccidents, 271

U.S. Navy's Acro Medieal Equipment
Lahoratory, investigation of human
factors phase of aireraft nccidents,
7

Van der Hoeve's syndrome, 132
Vertebrae, development, suppression, experi-
mental induction in chicks, 9
facets, lumbosactal, 56-58
cunature, 57, S8
metric characteristics, 56, S8
lumbar, lordosis, §4-57
predisposition to defects in lumbar neural
arches. See Arches, neural, lumbar,
defects
spines, long “prearcuate,” $2-5s
transitional, 5052
Vitamin(s), A, deficiency, abnormal embryonic
development from, 14
bone changes from, &
congenital deformities of sheleton, in
rats, 8
nerve degeneration from, 8
B, deficiency, congenital deformities of
sheleton, in rats, 8
Buz, deficiency, hydrocephalus in rats, 8

Vitamin(s) (Continued)
D, deficiency, abnormal embryonic develop-
ment from, 14
congenital bowing of bones of forearms
and legs in rats, 8-9
deficiency, abnormal embryonic development
from, 14
Vrolik's discase, 132

Webtung of skin between fingers and toes.
See Zygodactyly
Weichselhaum’s lacunac, 175, 176
Wilberg's center edge angle in diagnosis of
subluxation of hip, 113, 114
Windshicld, automobile, as greatest single
injury potential, 325
Witness, medical, expert, 254-257
injurics, home accidents, 255-256
wndustrial, 255
maotor vchicle, 254
nonwork nonmaotor vehicle, 254
questions ashed, 256-257
Wolll's law, 105

Zahradnicek surgical approach to congenital
dislocation of hip. See Hip, disloca-
tion, congenital, surgical treatment,
Jan Zahradnicek approach

Zygodaciyly, 148-151

ctiology, 149
incidence, 150









